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PREFACKH

In recent years, the SMP has placed considerahle emphasis on cooperative R & I) programmes, especially where there
are several variables o consider and where several identical tests must be made to evaluate the scatter in the results. Fatigue
and corrasian tests lend themselves particularly well to this treatment, since one laboratory working on its own could spend a
vast amount of time and money in deriving all the requisite data befere any analysis of the res 1lts could be undenaken. By
inviting the participation of several laboratories (even though these may be in separate countries), the work can proceed in

parallel, thus reducing ihe total elapsed time. Moreover, cach participant can reap the benefits of the whole programme for a
smal} outlay.

Successful ventures in recent years include the Critically-Loaded Holes Programme and the Corrosion Fatigue

Cooperative Testing Programme. This report presents the findings of the latest cooperative programme to be completed —
an evaluation of Fatigue-Rated Fastener Systems,

Despite the advent of adhesives, composite materials, integrally-machined components and diffusion bonding,
mechanical fasteners are still the most common means of joining parts together in the acrospace industry, and will remain so
fer many years to come. The designer needs to know which fastener systems are the most eficient, and this programme
studied 2 number of systems from the fatigue point of view. In this context, *system’ means not only the fastener itself, but also
the way in which the hole is prepared and the fit of the fastener in the hole.

The thanks of the Panel are due to the collaborating labezatories and especially to the Coordinator, Mr H.H.van der

Linden, who was responsible not only for organiring the progromme but also for much of the analysis and the preparation of
this icport.

W.GHEATH
Chairman, Working Group on
Fatigue-Rated Fastener $ystems
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FATIGUE RATED FASTENER SYSTEMS
AN ACARD COORDINATED TESTING PROGRAMME-
by

H.H. van der Linden

National Aercapace Laboratnry NLR
Anthony Fokkarwveg 2
1059 CM Amstardam

The Netberlands

SUMMARY

This finsl tachnical raporc containa the deacription, teat resulte, aralysla and conclualona of »
collaborative fatigua tast programme which ssteanad ths fatigue lives of a range of faatenir zyatema using
differant joinc teat specimen.

A rangs of high losd trsnsfer aingle shear joint dealgnms wera avalusted snd compared in an extansive coTe
prograrme; aecondsry bending and 1oad tranafer ware determined ea arimantally.

Between aeven and aight hundred apecimans were fstigue tested by participants in aeven countries. The
fatigue taaca were csrried out meinly uoder FALSTAFF; aome teat asvies ware dona under MINI-TWIST end
constsnt amplitude loading. The ahest paterisla used were Ivom ths 2000- and 7000- aluminium alloy ssries.
The fastenera ranged from standard bolts to tapersd faatenera, inatalled in holes which were drilled,
broachsd, reamed or cold warked.

The muleipla linear regresaion suslyais method end graphical methoda were used to correlntn reaulta and
to find trends among the varisblea. In additicnal the coat figurea were zelated with tha fatigue perfor-
mance.

The AGARD coordinated Ffatigue Rated Fnatensr Syastems programne not only ldancified the prime para-
meters in fastener syatem seleccion but aleo quanticstively evaluatad theae.

Highlighta of the data indicate that:

[] aecondary banding prooved to be a prime paraseter. At modarate to high valuea it tenda to nullify
the bensficial effect of fatijue enhancement faatener ayatema,

. at low to moderate aecondary bending (or at the abaence of 1t) ths fir, clasping and cold work are

prime paramaters. At high load tranafer and at high fatigua load levels the beat results are obtained

with cold worked holea plus high interference fit faateners;

double ahear jointa cleerly ahow a fastener ayatsm racing;

[] the hole quality sa such is not s prime parameter. However, dimenaioning to mize to cbtain a close
tolerance fit resultm ipn holea with good fatigue quality;

L] incressing coata of the faatener ayatem might result in a better fatipue performance. Moderete to
high aecondary bending tenda tc nullify the extra coats of fatigua enhancemnt faatenar syatema. The
concluaiona of the report present a coat effectivencas rating of different fastener ayatema applied in
dovble whear and low load tranefer jeint.

-

. INTRODUCTION

The application of ehaar loaded lastener ayatema with known or advertiaed good fatigue performance ia
increaaing cenaiderably, both in nev ajrcrafc dealgne end in modificationa of older onex. Thie increase in
uae le accompanied by an incresas in reasarch and development, The Structurea ard Materlale Pans]l of the
Adviaory Croup for Aaroapace Eeseerch aod Development (ACARD} recogniaed thia snd appuinced working groupa
to carry out collaborative farigue test progfemmea on fatigue rated faatener syatena {n slueinium alloy
structural lolets,

& firat projramme, the Critically Loaded Hele Techaolagy Filet Coliaborative Teat Propramne {reference
1}. waa carried out in the period Octeber 1976 up to October 1979 in which apen hole and low load tranafer
jeint epecimena were fatigue teated undar FALSTATY flight-by-flighet leading.
The reaulta can be summirised ae followe:
[] comsiatent fatigue «~im can be geaerated in complex fatigue testing betwezy che participeaca;
L] taterferenca £17 featener ayatema are relatively ipsenaitive ts effecra of hole quality;
. valuable denign data vaa gsnersted on luw load rrasafar julnta.

after completien of the Critically Leaded Hole Techaelogy P lot tellsker.tive Teet Jrogramms a follow-
up programee wan defised (o 1979; the Fatligue Mated Fratener Syatems {(FEFS} propramse, coordinated by the
suthor of the preacat paper,
Toe FRTS projrames caaesacd the fatijue llves of a range of fastenst! aywtems usiag difterent joint test
specimena. In sdditien the cost figurea were related with the fatigue petformioce. & refetedce datum fer
the comparison af (outl resulra preduced in different countries vaa established by msana ef Teore” program—
men., Feaulte Were analysed dy the Adr Furca Flight bByaamica laboretory WmA) and the Mariesal Aeroipace
Laboratory, Ntk (Tho Nethsrlanda). This ACAKD Rapatt describen the FErd proy.asme and pressnte the reaults
and analyela,

3, CRIECTIVES, METHODS AND MEANS

The ohiecccivea af the coopsrative programe warel

. to detersine The fatigue lives for & rasye of fatigue rated facicner iyaiéms in 2iffwereat wmateriats In
conbination with a evlettion of hole preparation techulqued aud imatallation paTameicrs;

» to #ntabliak the cost figuren Bf wach fastemsr ayates §» relstion ia lta farigud periormance]

L} to ldeatily the prime garsmalera invalved in fostenc ystém sgleciion;

. to geneTate denlgn data for s sumher af faatemir aystems;

. to devalop a Tefereace datuwm far the compariess of teat reaulta produced In differént coumtriea uelng
#ifferant apetimen gecwetrica;

[ te devalop exparimental methada for fastsnar iyatem fatigus Tating.

o vy

W




oy

[

Seven countrles participated in the progremme (usble 1). As a firet step eech parthcipsnt definsd hls
own progremns, which could be active, planned or deelred. Thie ésfinltion apeciflsd plete materinl, thick-
nsas, surfece treatmant, interfsy eurfsce seslant, finsl hols production toollng, fastener typs, fs ataner
tit, fstigue losding prograwmes and losd levale. The plrucipln!'u progremesa formsd ¢ totel matrix of
teeting verisbles. Elements of the matrix, for lnstence losd level and specimen geometry, wirs edjuatsd to
givs good overell problem covarsge without unnscesssTy duplicstlon. further, s nuwber of sdd)tionsl pro-
gremmea, the "core" progrecmes, Were deflned to sllow compsrison of raaulte produced in different countriss
uslng not completely 1dentics! specimer deaigne.

For clsrity the FRFS progrsmme was split up in four parte:
] No load trsnsfer jolata (NLT}.
[ Low load trenafer joints {LLT).
. Doubls ehesr joints (DS).
. Single ehesr Jointe (55).
with esch part hsving its own baeic snd cors progravmes-

For sil speciwens of the FRFS programme Fastener £1t and sometimes hole eurfsce roughnsse wers massured
during fsetener instsllatlon.

The spacimens of the FRFS programme wWere teated malnly under FALSTAFF (Fighter alrersft losdling
sTandsrd Por Fatigue evsluetion) losding; eome test serles were cerrled out undsr Lhe gust epactrua MINI-
TWIST snd under constant smplitude losding. No crack growth observetions were oade. Esch fstigue teet wis

reported on sn speclsl fora.

Fatlgue llvee wars evalustud in terma of:
e {aetensr eystam, flt snd hols quatity;
a Justsllstlon cost figures;
[ juint geomsETY. i.e. losd transfer snd secondary bending!
L] plata materisk;
e load epectrum.
a etatiatics! anslysls method snd graphical guthods wsre used tu corralsce results and 1o find trends at.ng

tha verlables.

Since thers was a lark of 8 single shear standsrd speciuen, a range of high load transfer aingle shear
joint desljne wWere evalusted and compsred 1in an extsniive core programme. ‘the lacter fncluded fatigue
teating of ths single shear apecimen together with z dubls shear equivalent denlgn. All epecimans Werz
marufsctured from one matarlal.

Three diffscent {sutener wyeteme (hole quality, fsetenar and fit} were peleztsd and gefinad; the third
{astener wystem uas opticnal. Surfate treatment, intsrfay sealant, load lavels and leoad spuctrum Wwere

specified.

3. PROGRAMME OVERVIEW

A urlginally snvisaged the FRFS programes conmlutud of Separate programmes of testlng directed to the
requirwmente of Individual lsharatories and 1laksd by sddipional corfs programmes; Anusk | glvee the origl-
nel schedule. The FRFS programes overview, together wiih characturistic specimen wxamplew, le presented In
rable 2. The four prograske parts are descrlbed in the next subchaptefs.

3.1 He-load tranifer joints

The mo-load rrannfer spacimen has a vostinucus doghone member, The aingle fautener mounts i umail non
load carrying piate to the degbone (flgurs la,b). Luad tranefer 1u close te rere and wscendary heénding ix
acgligible. 1§ rusting of chis Jeint type rusults la the sams fastonel sysles rating aw for ether types of
feints, e.g. ihe jow load transfer joint, then (his wimple and cheap lowipn can b used for the evaluation
of fasteacT dyatens.

Yhe two EBaaly progveomes defiped differed in {ntention aud  goals Susden would svaluate four
fastenst eystsss in efe shest patsrial, whlle France would svaluate four sheel miterials ueimg one fastensT
wystem, Therefore 2 1leitud core progfambe Wad defised to allow romparisen nf the remulte of the bwe
hasle propracmes. table ) everviews the propfims ariginally difined. in addition te na-load trasafer
specimend Swodes 10 tested apen bole otes {eigure 1c).

§.2 Lew load transfer joiete

Thia part of The prograses {rahie &) may W considered 4% 4 supplosontal une te the Celticaily beaded
Hole Techaolvpy FPrograme 1s that tadividual pattivlpants could iBvastigats fugther the tatigue reslsitant
Eaatennt syctovms of pagricular telpvasee ta thes. Thi standard low Soad transfar sevorie dochix doghone 18
shows ia flgure 2. For 2.35 s auainal diamstsr ipgerfurenre it fasteners the luvad transfer at each fan-
tiper lotation Us approdimately § % ni the astal load. the joint 1s repreaentative of lewce wing skis
panala attached to spars, for wxample, A COTe ProgTasme vas deflned to allow comparisse of reaultn obtained
uslng the devisting t% design (Flguts le) with the tusults nbtaimsd by the pthet patticlipaats. Nota that
the UE design wes alfeddy beisg tsdted when Che FUFS proplamme hegan.

§.) Migh load Lradofs?! dowhle BhesT jnints

fSoubls sheay jolints hate oo socondaty wending. Table 3 shows the test stheduled. Since difverest
spccinen goomiyies {figure Stal, 17}, abcet meterials and \hichprsisd, [astensr iyntena amd apacLTa Wefe
suwd it wau [elt mecuswary 2 deiine 4 ¢ute propsambe (o evaluste snd compare Thi different deelgas.
pnfortunately, the doudlp shear come programe Vad Fut shart during the epufia of the projrass, The UK
cancellnd their contributles wince mo dificresces e fantener rating wege oheetved conparing lov loag
teanafuy aad deubls ehear spaiimen rosuito. The Swwdish prograshes and the Ectharlands part of tha double
shesT ¢OTaE Progrdihs could not b compleled for veonamic jedsofia.

L
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3.4 High losd transfer eingle shesr joints

Single ahear jointa are expossd to ascondery banding ceused by eseymmettic eccentricitisa of the loed
carrylng mezbere. The amount of bending depends stronghy on the joint geometry. [t 1o generslly recognised
thet differences in festensr systems tend tn be overahadowsd by excessiva bending. Representetion of o
reailetic bending aitustlon by individusl perticipents resuited in & number of different specimen geo-
natrisa, Theee vera ovalueted under o renge of varieblea directed to the requiremanits of individuel perti-
cipante {teble 6).

3.4.1 Beckground of the alngle shesr designa

Four danigns will be deecribed (figutesm 7 to if):

iep Joint, e three row-typs (F) end & tvo row-type (US);
X-typs Joint (SW);

Q Jolnt {UK);

1Y dogbone spacimen.

Lap jolnta ere uaed in en eircreft structure only If & double strep can not be oppiled. This type hes
a vety high bending etress, which s in the order of the sxlsl stress component. At lesst two festener rove
are preeent. In @ tio row lep joint the loed trensfer per row {0 50 I of the votel iosd, The ioed crensfer
decressss somevhet when three rove will be present. Dus to the high bending end high losd trenefer this
joint {e the most fetigue criticel one, i.s. 1t vili give the ahortest fetigue lives.
One might argua that thie apecimen is unresilezicly eavirs becsuss in the sircraft structure the bending ls
reduced by the eupport of other atructursl elcnente, e.g. cttingers or ribe, Nevertheluss, the fetigus dete
generated using the lep jointe era used ae one of the extreme dele sete in betvcen which a designer inter-
poletes to obteln fetigue [ife cstimetes for hie Joint configuretion. The US lep joint epecimen (figure 8)
10 o wtendscd one of MIL-STB-1312 {Method 2+, 15 December 1977).

The 1} dogbone apecimen might be consldered es s atanderd one within the AGARD community: it (s used
in the corrousion fatigue teeting progremmas CFCTP (Corroaion Fetigue Cooperatlve Testing FProgremme} and
FALT (Fatlgue in Alrcraft Corroelon Testing}, The specimen alouletes the load tranefer and secondery bend-
ing cherecterietice of runcute of etiffenere attached to the outer skin, and wee developed by the labots-
torium flir Betriebafestigksit (LBF) In West Cermany. The deelgn goels were o foad tranelsr of 40 % end e
ascondery bending ratio of 0.50 (figure 11},

However, an i{nvestigetion (reference 2) suggested thet In thle type of speclmen the load transferred wee
unrepresentatively low and dependent upen the type of festensr {nateiled. Further, refersnce 1 showe s
telatively low load tranefer and Indlecatew o feotener fiE dependence.

The ceapreesion ilmic losd ls ebout - 10 kN, {.e. a epcclmen without antl-buekling guides wiil not buckle
vhen compreesion luade do not excwed - 1U kN. The (holred) grips and ciamplog-in procedurs are well
documented (reference 4 ).

fn the UK an alternatlve speciben was deslgned (refavence 3) that steempts to aileviate some of the
problems associated with e.g. the 14 dogbone jolnt.
The altetratlve deaivn, +rhe @ jolnt (flgurs [0}, s bawed en a wingle lap joler, but the edditica of o
further load carrying member comtrols bend:ing by provlding extra latesal et{f{pess. Purther, the double
shear vonnection at the second fawtener row eniures that fatigue Fallurer do uvecur at the single shear
connection.
The advantsge over the 1h dogbone ifes In the fact that it 1s 4 100 I load rramsfer joint. la the 1Y deg-
boue the losd ean by-pacs the faitener la a cicarasce coadition befure load 1u transferred ia bearing.
In the @ joint the wtiffes double shear coniection wmight be expected to trunafer more load than thke aingle
shear ros; thus, s lead trasufer somewhat lower thas S0 I is expected.
inltlal testisg (reference 3) suggested that the bending ratln 1 approudmately 0.%; thie ratle may de-
Ercake to s value Aearer te D.4 under dynamle loading eonditfonu. A disadvantage ls thar the § jolmr is
sure complivated and thud bore expeniive thie the 1y doghone.

The X type (figure 9) is a Swedloh development, lt {8 & two row Jolat beeaudé 3 kaown lead tramafer,
Indeprndent of the type of fastemer, may %c ubtalhed with a mixisum of [wo rews. The deslgn has spllee
plate aress equal to the buwe plate areas, implylng a thaorerira) 50 L lead tramafer per tow and ludepea=
dest of fastensr ctiffemess. The wplice plate veatres of gravity colacide with the base pldte centee of
pravity, leplylag 2:¢Ts groas cueearrielty asd no majer wecondary bending. Cospa‘ed to wther wplice plate
ceaflgurations (referenes b) the X type had the most uniform load traasfer distriduelon over the factascra,
Further, the splice plate etdftcalng cFfeet 1a very Jueal,

3.4.3 Fore pregravesc

Priwary objective of (he evfc progratme wad fo cvaluste and comare difierent deslgna 18 uwie 1a the
patticipariag lastltutes and eompasimi, Fu ohtala am Inpredilon of the lafiloetice of bending an the fatiguc
Il1e, ea valled “doublc sheat cquivaleatl speelmcan” were dorlved from the sibgle ocheat obes {flgures &, 11,
12} ta which the asymsetele nlde sheet of the elagle whear dosiga wai replaced by twe aymmctrically placed
slde shects each havieg balf the thiekneas of the sriginal afe. The double shwot feature EHeJudni secondary
beading,

HBowever, load rramsier might set have beea romplitely ldeutleal la the Tws demlgan Becduse 8f changed
faotener €110 and bemding ehalactertstlsu and The presssce of two locarioas of f2ictlovtal load tranafer
iastead of ope,

Table 7, uhieh fevlows fhe cofe pruglamms, chove am ad crakple, The 1Y doghoas speciien and fty doubls
abesr equlvalent deilgn.

All spoelmcei 1a the core progfaasc, nameiy al) olagle and duuble sfear deilgns, welfe maMmufectufed
Itom eac mctoflal, i.o. the 5 mm thich JO50-T6 core programee Watmrisl, which vas furalshed by the 4,
Burface treataentl, laterfuy waalest, luad levels and iad Bportiuk wele ipeilfled (Annex 1), Twa fadteacr
iyptemsd Wete beloetid and apeeifled {Awpeq 3):

. Faitener uyitem A1 a eousteidunk Hiecod instellod with tlvatanva Fit 16 8 reamcd bole (FEFS-A .
. Fadtetier wyatem B: o countersush Mi-1od lartalled with feteefeteuce $40 la 5 cold worted sad rodmed




hole (FRES-B}.

A third, optionsl, festensr system ves defined bucause of completensss; this fastanar asystem else had @
countsraink Hi-luk but {t wsa inetelied with high intarfersnce in 3 resmed hole,

All core progrstme spacimans then were fatigua tested to failure undsr FALSTAFF f1i{ght eimulstion
loading., As In the other progrsamee, fit and eurfeca roughness vare wessured during faetanar inatellstion
(Annsx J}. in eddition to the Fetigue teste, one specimen of aesch combinstion of apecimen deeign and
faatansr systss ves instrumsnted with strein geuges to messurs losd transfer snd ascondery bending,

3.5 Assasa to ali deteile

The programme ovarviev showsd thet verious joint gecmatries vers used to evelusts different matstisle,
bolts, festenar aystsms, slc.

The teblae rafer to:

3 figurse 1=12 for spacimen configuration deteile;

. tabla 8 for the nechanicel propertiea of wateriala;

[ tebls 9 for the feylng surfsce traatmant deteils;

[ tabls 10 for the fastunar ayatams.

1t ehouid be noted thet the preesntetion of spplicetion snd manufecturing inetructions ie beyond thu scope
of thia report.

4. TEST PROCEDURES

The stress lsvale era givan se grosa ares strese, utlese otherwius Indicated. Guidelines for tesring
have not been givan eince the Critically Loaded Hole Technology progremma (ruference 1) whowved that:
] tha perticipating laboretorioa could apply wpectrum lesds eatisfacterily;
3 thure was the ebility to generate coneletent dals tn complux fatigue twating batween the participente;
. ell the data genarated at diffurent labersterive were sccuptvd by all participsnta.

4,1 HMeasurement of load trenafer wnd wscondary but ..y

Baued upon the procudures of the LBY (FRC) and upon oxperienca ef SAAE-SCANIA and FFA (SW), WRAE (UX)
end the NLE (NL) wtendard procwdurue wurs duvelopad (referunces 7, B); thees procedures ars elso glven in
Annex &,

fach eingle ahaar joint wes isstrumentad with ¢ lerge nusher of atrela gaugea to detwrains the laud
trenafer end secondary bending. Lesd transfer was elso messurad on the deuble whuar squivalent epescimens
ef the wlagle shear core programee.

r

4.0.1 Secondary banding

Sucondery hending is of laterest at the foetigue criticul creds sectien. Ususlly e crach wtarted af a
twle or et the {aying wurfuce close to & hole. The location of creck Inltlation wes not accesslbie in mout
caaus, 3@ & neighbourisg pusition vaa chosen for the meesursment. The conventivhs sdopted by the warking
group are given fo flgure 13, Jarfall (raferencs 9) showed that dieplecement ef rhe strain gauge Wy 1/8 of
8 fastener diametsar in rhe Erensverse ditection changed the aecendary hending by not moro than | te 2 X w0
the accuracy of positloning in tranufer divection was mol tee eritlcal. Positieming in the anie! dircTion
required a higher accvracy sluce the sireln gredient wae very swteep: for 4 polut 3t the seme distence ova
the ofponite side wf .he fastenct fhe eecondary heading wasof the came order of megalrude but ef reversed
wign. Jarfall {reference ¥) confirmed this uuisg measuremcots on L type Jeintd.

i.b.2 lead transfer

By daf{sttion the load transfer te the percentege of the tolal joad tranefereed et 3 partieuler palat
of 1aad reaasfar. The hy-pass load (figure 11) was thus weesured sft of wach fasrener Tow,
MeasuTements by Frikeeas aed Mageyexen (refsresce 10) ahowed that the erraiu dlarributics afr of rhe
{fasteocr row 1o nar uniferm; therelors, 8 rew of wlralB gduges was bobded to allow latepration ever the
wenbet width, ! otder te mintaize the nusher of strain gauges, nifeln fauges werp bondcd ealy et naxiaa
and minims of the straie distributien,
Further, the gauges weté 1Bestad at cqual dlotanced (18 the load directive) from pelate of load (rensfer.
the distance between Ewi Fabfenel Towd was usually & faitener dlameters] thus rhe peuges wels bouded al 2
diameter aft of the fasrcuer Tow, Alwe etraln gauges wers hodtded ot both dldes v the ehcet to derciuine
the ankal weraln (Flgere 15), wvhich was used For the doteTwisation of the By-panc load.

5.1 Bara recarding

Individual data shiets wite conplered Yor cach apeclicel

the measurescers ol €1y wnd #uflare Toughacie wele TeeaTdod od the dals wheetl [Annea 1))

- a8 vudmple of rhe teot dats adwel, orijinatteg from the UK, iv givea in vabie ti;

. the data whewt fof Teparting the joad trausfer and secvwdary hending mecausemeits, pée Anbea 4.
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5. SPECTRA

The fatigua teste wers cerrisd ~ut mainly under FALSTAFF (Fighter Alrcrsft Losding STandard For
Fatigua), A mipority of the tsst were v ne undar tha RUst epectrum MIN!I-TWIST.

5.1 The manoeuvrs spsctrus FALSTATF

FALSTAFF hae bssn bausd on a largs nusber of sctusl flight losd-time higtories partsining to fivs
diffarent fightar aircrafe typas aparated by thres diffsrent Ar Forces.
The sssantial proparties may ba mumnarized as follows!

a FALSTATF reprasents s losd esqusnce, definsd by euccessive peaks snd throughs, covaring a "block" of
200 [1ighte.

This block sizs conforms with AVeTrdge suropasy annual fightar utilisstion.

[] The flighte in FALSTAFF belong to thras diffurent groups of mission typsa: flight with repetitive
pottarns of sevare manoeuvring (s.g. elr-to-ground migsions), flights with gavsrs menveuvring (e.g.
sir combat) und flighte with only light te modsrate manosuvring (s.3. navigation migsion).

[] Tha FALSTAYF ssqusnco containg taxi load cyclas. The majority eof theas texi tosd cyclas are sssoclated
with & croesing of zaro-strees lsvel,

'] The complete FALSTAFF esquence conalsts of 13964 puobers, ranging from | to 332,
This complets sequance is contalned in tabular form in reference I1. Moreovar, this reflerence
includen & complete FORTRAN ating of the program to gsnerive FALSTAFYF.

. The "FALSTAFF load iovsls" fsonging from | to 32 are Arbitsary Units. Mowsver, "rero"-stress leval
corresponds with FALSTAFE- level 7.5249.
The wmallest losd varlation ("oniselon level") considered im two FALSTAFY lavels or appronimately B
rer cent of the higheat stress contalned in FALSTAFF. The highest stress (“truncation level™) con-
stdered fn the ore cxveeded wme ber kundred [lights,

Flgure 14 end figure 1% whow the load spectlfum of FALSTAFF and some FALSTAFY flights respertively. The
weverity of the spectsum {u uauslly fdentified by referencing the stress that a tewt ipecinen cxpericnces
#t the highosil load level 1n the spectfum, In this fepart the wame convention is uied .

5.2 The standard load sequences for transport alrevaft Witgw TWIST aed MINI-TWIST

The development of the atandard TWIST (Traneport wing Standard) iw fully demecribed In fefercaee 12,
For testing purposes the wpectfum han been approaisated by the stepped function whown in flgure 1b, Strcu-
sed ale cxpresved non-dimennionally hy dlviding tlem by the stress peftalaing to undlsturbed troiaing
tlighe, S.g- Thete afe Cen gust lpad levelw and one taxi loed level. TWIST conslsts of blocks ol 4000 ¢if-

ferent tlighta.

There are ten ditfescnt Flight typeu, rauging From wtere (A) (v cals {J) crneditions, The ftequency of
LEEuTrence ol vach Tlight type and ef cach load level within cach type uf flight {s vcported In table 12,
The load sequenec Eu completed by delinimg the dequence of applicatlon af the dlflerens flighta and the
Sequepce wf laade withis cach flight. EBasic properticn of the defibed scquesces arel

. The tlighte and loads for cach Flight ate appiled in o randes Sequched oxcept that rlusterieg of
acvere Flighta 1e aor allowed,

[] The joads withis cach Wiighe are applicd az o Fandew seguersec of halfecyeles aueh thay 4 positive
ball-eyrle ba fullewed by 4 segstive balbreyele ol arbltraty magaltude,

L] ivad sequesicen are goncrated ladividually for cach Elight, Thus fisghts of the dnme typc gemecrally
have o diffetcnt luad 2efucirc,

The poaitlond 0f the severest Flighta in TWIST arc: 656 (Expe A)p 8% (type %) 3001, 9ie and  1Bal
{type C}.

The blghcat  load fu  he  fncluded in the  opoctrum  was  chozcs 25 the load  that s creecdod
approsisately 10 flmes pel slrcrafr 1ife, wi emcc per 2000 flights,

The mala diflcrence ketwecn YWIST aud MIEL=TWE3T fo that the latlcr comfolus cobildefably fcan load
tyelen of (ke amalleant alplitude, forulting fa appivsimately 15 lead eyelen per £1ght ttable 1)),

tu the Fatflgue Eafcd Faotemer Sy2teta progfakme a Fart of the tcats wete cafyled Sut whdcf MINi=TUlst,
*tlvh waa truBzated at level {115 thye vefalin la deilgmated an MIK]at% 15T 117,

Foi Lhatacteriatic stress lewe! ia the Gczd wffcas jevel I8 Flighr, 3

3. Constant awpiltude leading

oo Leal actics wele ales t2ffied vut unded tofctent ashplitods léading, bavltg w stféwn ratio § {=
Si0IMn 2Ol cns/adn taun atréda) of 0.1, Tho sticis level fndicated 16 the Sanimam streas,

.
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&, METHODS FOR ANALYSING THE FRPS PROGRAMME DATA

A stetisticai analyals of tha FRFS progremme cata has basn carriad out by Mr, I.H. Pottar, Alr Forca

Wright Asronsutical Laborwtorlias, Dayton, Ohlo, USA. it wes anoumed that asech particlpent of the FRFS
progrumme would usa adsquets statiatical mathodology withln tha portion of tha progresome for which they
hald rasponaibllity.
Tha Northwsst Anslytical STATPAX asoftwars waa usad to parform tha atetisticel snelysss. Tha ans lyeia
methodology uead waa that of multipla linsar ragrasaion. This mathodology waa chossti slnca it s uvaaful
whars thare axieta mors then ona componant effacting tha performanca of w product. ju tha FRFS progtetae
tha fetlgua V1fa ia a product of wavaral parametera (a.g. wpacimen daaign, strass, featatar type, metarlal,
interfaranca, loterfay trastment, hola quailty) vhoss Intarvactlons sra not apaclfically defluad. Tha FRFS
programme compounds the problem by adding tha variablas of d1ffaring test ovganisations and menufscturling
procasssa to resuit in s flnei vaport which hes numetous 1ntrinaic varlatlona.

Multlpla linasr ragrasalon spproschas assume thet two OT more varishisa ste ralatad to aach othsr
with an aguation of the form glvan in aquatlon 6.1.

¥ = B0+ Bl K X1+ B2 S X2+ BIPXIH ...+ IR XN (6.1)

whara ¥ la the depundant verlabls snd tha X'a ara tha Indepandent veriablas and tha B's are tha coaffi-
clsote which ara celeulatad ln tha rajsesslon process. Tha STATPAK prograns sasume that thara la no weignl-
fjcant Interactlon batwe.n tha ladependant varlablas and that #xch variabla contributes approximetaly
wqualiy tc tha ragreaalon.

As » complation of tha atatiaticei snelyatu tha folloving correlationa wers esda graphically:

] open hola jolnte va no luad tranafar jolnts}

no losd trenafar jolnta s lov loed transfar Jolnta;

low load transfar jolnta ve doubla shear jolnta;

wecondary bending va fetlguo Mlfe;

load cranafar va fatigus 1ife;

fatigue performanca va coat.

7. EESULTS OF THE FATICUE RATED FASTENER SYSTEMS TESTINC PROCRAMME

1.1 Presentstion of farigue lifo dara

The comgpleto ast of fatigue tifa asts for the FRFS progromme 1s plven In the tahisa 6-1 to 6-21 of
Annex 6; tha fraeed numbara sra tha log mean iife flguras.
Tha fatlgue t1fe data are piottad !n flgurea 17 to 4! Inciualve par psrticipsnt and test scheduls.
All atTesses ave grods sTes stresass, unleas otherwise indicsted,

7.7 Seaulta of tha measviements of sccondiry hending ond losd tronnfer

Secondery hending #ad load transfer have heen dererminsd uvn reverse douhle Jughone speciman, the
alngle shest and doubls wheor core progremme spec Imens using standird Instrumentetion and procedutas. Full
detalls of the messurements are glvsn 1n Annex 3, which elso presenta the secondety hending #nd losd
tranafer #u functien of epplicd load. Tabls 1} susmarizes the values of secondary bending and losd tranafer
at the fetigue teat atreas levsls.

The Follovlsg deviatlone from the stiadord preceduros ond inwtrumeatotlor were vhierved:

a the Freach typs D douhle shear joint had bresthed inaresd vl reamed holes; eince the flv wos within
the spezificd tangs. Fhis should net Inituence the resultn;

] the US type €1 lap lelet wed not iantrusented accordiag to the ¥UFS roquiremenra: the eeeondory
heading gauges were locuted too fat from the fewteners. therefare, 8 bending value was recorded which
wad toe lew., Further, ceatrary to its coaditice duslsg the fatigue testing the specimen had Bo
beading restralnt durlag the massurcments. No lood f(ransfer géugec were spplied; the losd tramafer is
cirimsted to be close te 30 I berogie the wpeCimen i o two row jolar;

a rho dovhly sheat equivalent desige of type €2 (USA) hsd sido sheets which had ewlee the thickpeds aw
wan speclficd. Moreever, the lood tranwfeT gaugen wezs honded valy at the leeatiens giving the lowesr
response, 1.¢, directly behiad the fastener:

[ the surfsce treatment of the Fremch core progratasc specimen had only cpusy palnt as #urface rreatmeat
inetesd of primer + as.lanc:

a tha Swedish I jelats were provided with vverilzzd heles.

7.2 | Beversic douhle depbons specimen

As an ydd)tios Lo Uhe progfaime France lnsrrument:d sad teuted teverse double deghbose wpevimenz, one
cot Weing wide af 024 snd one of T, cech costaiming twe Mi-leks meuated wirh bigh laterferemcc in
reamed holew. Beesuse this fawtener syetes {ead ia patticular the flt) were net rhe €ame a8 Fhe earc
prograwm: feetener aystens (FEFS-A and -8) the fedulls 8f the meowulckeals coanst be comparcd direct}y with
rhe teaults 4f the cote propramme messufements. Nevetthelesd, the rewulus show intorect Ing trends. Thero 18
a large diffcremce la wicosdary bending oad losd treanier Behaviour betweea the Y024~ eud [31S-wliloy
cpeeimean. Secondary beading end load tremsfor arc higher For the J024-alley cpecziment the seenndary
beadiag rutis af .76 mlghi be covaldered s e viry hlgh value Faf this joiat type.
1t {8 meted here Uhet the clasping procedure la cruclel whed using wedge Uype grips] capliTitoyy tedrs ot
KLE abhowed that load teanefar wight evon Teveris 1f as wpeclsl precautions wete takan, 1t 1 ecsentiel te
preveat tolarlve sutios ef the two deghenas ot the typlesl ends when clasping (n. The aslution uned at KiX
15 given in figute 4}, Cormary uied ¢ pla loaded bole sdiution, Clgure I,




7.2.2 Core programme singie shear joints

The effect of applied losd on aacondary bending ia large for lap joint type apecimen. A more moderate
effect is observed on the ¢ typs. Th- same classification applies to the effect of the fastener aystem on
the aecondary bending. A remarkabiy low bending is observed at the FRFS-A (claarance fit) 1% doghone
specimen. The lattar type ahowa more clearly the effect of the fastenar aystem. In genaral the ioad trans-
fer ia leas affected by the applied atresa. Further, the influence of the faatacer system on the load
transfer variation ia amall for the lap joint and 1i dogbone, and very amall for the Q typa joint.

No secondary bending and load transfer weaasurements are available for X type Joints with FRFS-A and -B. For
reasons mentioned in 3.4.1 the load transfer ia 50 ¥ and is independent of the fit. The socondary bending
tatio, determined in another programme, is about 0.80.

7.2.3 Core programme double shear jolnta

The Cl sud D types ahow a negligible dependence of load transfer on the applied atres= level., ln both
types the firat fastener row, i.e, the firat row where load ia transferred froa the base to the side sheets,
haa the highest load transfer, while the one or two fastenar rows in the middle contribute cnly a litele to
the load tranafer. The locationa of highest load transfer coirespond with the failure inltiation aftms, The
change from & clearsnce fit to sn interference fit results In an increase In end row load transfer and &
decrease In losd transfer in the middle fsstener row(s). No load tranafer wmeasuremente were mada on type
Hl' MZ end Hl' The laat ia a two row joint 1.e. it hea e load tranafer of 50 I whilat the load transfer of

Ml' HZ ia eatimated 3o be ebout 20 1.

7., Meeaured fit and surface roughness

The tebles that present the f-tigue life data, see Annex b, glve cheract~ristic values of applied fir,
either as an average velue oT aa a range. The programme called for the meesu ement of fit and hole aurlace
roughneas, Some particlpants limited their efforts to the measurement of the diameter of a sarple of che
fastenere and holes. The participants will report in detail on the measurementa made. Hole surfaces rough-
neas measurementn vere only mede by two pa.ticipants and are therefore not precented.

7.4 Coet of fagtener eystems

The cost of fastener eyst~ma consista of:

] equipment and toola;
. purchase coat, which depends on fastencr type, faetener material and nuzber of fastenera ordered;
- preparation of tooling, sealant etc.:
a installatf{on:
- poaltioning of tooul
= predrill
- ¢lomp
- drill
- deburr

- lnupeetion of hale

- applicaticn of wealawt/primer {n hole
- inutallatlon of fastener

= fnupection of fastencr.

Table 1§ twviews availseble Laformation; cost wre Cranapussd into US dellara, The purchase coa. per
fastener drop whirply when the number of purchssed pleces locreases: for wosw fewtener systems this Iu
fllustrated in fligure 44. The reiutlve cowt of fastewer wystems caw he comparad using teble 13, A compre-
henwive cost comparison can not be made becaune [he tolal expenses pheuld fnelude Rot uonly the totsl direcr
costn aucy 3u fawlener purchesa ¢ost wwd manhours for impmtallation, but alaw writing of f of squipment, cust
of tosling, mankuoura fur preparation. ate, The latter three eost ciceents can not be plven o cest per
fastener instslistlow because the information necessary for this depeads on the nusber of fdasfeners per
compunent, totad nusber of components ete. Fur illustrstiun flgures 45-i6 detull rhe contribution of sume
cost elements thet contributes te the fetsl instsllation expenses. tvaluation of the eogta <f different
fastcner eystems i veey ¢Li$L0 '°
Flrat, the participsats’ dat n the sawe (esCuner syniem deviate widely, #3 fllustrsted by the Japerlod
system data. Novertheless, cnis t8 [he most timc consuming fastener mystesm. Swecls]l prevautions shoutd be
taken fo ensure thet the aciovture in wecurvly clamped tegether, Checking the hole for Ledrlung ares 1s o
time consuming but cmscntlal cperation. A1 operatlons must be cloacly centrelled sad carried out by
skillcd personnel. The cost wi thle zapere® fastener [s high, but the cost ol cquipment and tools does nutc
uxeced that of staadard fastencrs, These costs sre high for the cquipment for culd work processen of which
the sp° € aleeve ls the mout time crmsuming. This Iz coused by the nced to remove the wsleeve and ream to
wice, 1t is noted Chat rosming snd countersipking after the sctual cold vork process {a ot neeedsdry any
sure ip 3 new vercsivn of thiv celd work systcw,

J.% jivcacionn of grimdry fatiguc trarh origina

-

The progravme deocriptlon requir=d the evaluation of farfgue lives ir terms of fatlgue cruchk inivia-
Civn wilea, Halfway through the prograwme all partirlpands welf¢ requeated fu scnd fracturcd specismen halves
o the SLA. Il wioa The intention to cxamlae and to delermine the fatigue crack oplging at a slsgle souree
followed by the clawsitication of the ¢rack urizios, However, thin goal could not be achieved up (v Che
moment the Feport wss written. Forfusately, mowe participants ldentificd snd reported the primary fatipue
crack erigine themselvew,

S, Bowsae
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8. COHRELATION ANALYSIS

8.1 Correlation of fatigue livea of opan hola specimen and no foad tranafer jointa

Figure 17 prasents the open hole specimen and NLT joint fatigue 1ife data for the 2024 and 7010
¢llays. Both specimen typea do not and up with the game fatigue livee; the NLT Jjoint gives the longer
livea, except for tha 7010 elioy in the lowar atreaa feval region. Further, tha 7010 and 2024 ailoy reauita,
Ear each apecimen type, are relatively closs, but again with above exception.

The reauits ahow that the presence of a tranaition fit fastener tanda to give better fetigus livea compared
to the opan hole situation.

8.2 Corgeietion of fatigue livaa of no load and iow load transfer jointa

Fatigue tast deta of both dseigna are available only for 2024 aad 7050 apacimena hsving an interfor-
ence fit Lockbolt faataner eyatam (figure 47). The 7050 reauita are very promiaing; the rlope ie the aama
for both designe, whiie tha low losd tranafer jointa have a aomawhet shorter fatigue life. Tha {ivaa of the
2024 alioy apecimen taated at the unreelisticiy higheat stress level are ahort. At the lower atresa levels
the alope ie pever the aame for tha two joints. But the genersl picture ia, for both materiala, that there
ie no aignificant difference in trands between the no foad tranafer and 1ow iload tranafer jointa. The
atatiaticel anaiyaia indicatee that a poaaibility exiata that the no load trenefer apecimena could be
aubstituted for the fow load tranefer jointa to evaluate faatener aysteme. The likelihood of the asme
faetener reting being ohasrved in both apecimen deeigne cannot be conaldared on the baais of the present
reaults. It can only be concluded that the reaulta point towarda aimilar trenda of the effect of atreas
leval on the fatigue life.

8.1 Low icad tranafer jointe fatigue 1ifa anaiyaia Teaulta

The atatiatical analyais was limited to thoae apecimena where ths holea wera not cold worked prior to
fastener inatalfation. A cold working independent variable would be poaaible but tha data packagae receivud
did not contain the cold hole expanaion meeaurementa.

The data were analyaed with the only veriablea which had apecific quantification aeaoclated with them;
they were (1) fatigue life, (2) applied etresa and (3) faatener interference. The effect o' ruaming com-
pared with drilling of the featener hole waa analyae’ s.pavately in tha ceue of the 7000 -  iea aluminium
apecimena, Tha faatener interference wae given ea a poeitive numbur 1f thera waa interferwnce between the
pin and the hole; if there waa clearance the interfurencs waa aseumed to be turo for purpoaea of this
alalyaes. In thoae cawea whire a range of interferencea wags apecified, the mean of the rangs was asavmed.
All material ruwults were conraldersd aa a4 pare of wither a 2000 or a 7000 ssrisa aluainium pool.

The multipls lineer regreasion snalyala resulta ars glven in equations A.l an. 8.2 for the reveres
deuble dogbone F000 and 2000 aeries aluminium ailoy epucimess, ruspactively.

Ne 104 (3.734 - (0.006127)%3¢resa + (.00364)%Interference) (8.1)
K o= 10 A (7.07% -~ {0,0013322)*Stress + (0.01200)%Interfurence) (3.2}
where

] = fatigue life in flighta (LALSTAFF)

Stresa = manimyh ApectTum etrens, }Pa

Interfercnce = differunce betweea fastane, and hule wize, im

The equatione nake sense in that the bigher the ntreae, the ehurter the fatlgue life and the highar
the interfereace the longer the 1ifu, as many investigatione have coafirmed quelitativaly, The cquations
in [cate that, far the range of data inveetigated, the 7000 eeries alloya have a loager fetigue life and
h.ve a steeper ulupe rulative to the cffuct of etrees thaa the 2000 werles aluminium. At téro laterfersges
the crossover whers the J000 suriee becum~s ahortar lived le at e wtreas of 180.9 MPa aad a Life af 42250
ilights.

4 review cof the data indicates sn latereetlng trend in the effect of intecferanca oa fatigue perfurm-

ance. The coeificlsats of the 2000 acries data are o factor of elx grester than thoep of 7000 materfals. It
w4y be au uafalr comparisue swlece the majority vf the 2000 roupora were manufaztured withia the 1aage uf 1%
te 40 . Interferuace with only the USA wpecimens at reso clearance (prior tu rivetting) far two typea of
afumiuium rivete which ate themselvea aot corsidered to be high-performance, fatigus rated factucera. The
effect of laterference calculatud hure {8 groesly overetated for the 2000 aesiee aluminium roupona. The
TU00 derles data are considered to be sors typleal of intarfurencs £it fastened low load trasefer specimene.
The 1000 serice data indicate that letarfersnce between fastener asd hole yeeuft 1a a facter of approai-
mately 30 percent imcredec in fatigue life for 30 um (D.002 inchee) hola incweference.

The analyies f1t the data an cde be deen in ftguree &¥ and 4% for the JOOO aad 2000 seviea alusminium
alley materiulu, respectively. I the JOOO weriss data, the suitiple linear rugrewsion curve st asro inter-
ferwacy appeare to fall la the aiddle uf the data wherese the 2000 eerfus pagreaeion line fu at the lower
limit ef the data, The 2000 serlee regrfenelon line sppaare to go through the middle of the PSA deta which
had aqueezed rivete lastalled. Ae discuewed ia the pruvious paragraph, tha USA data were used ee taro
¢cleerance data in the analyals; It i¢ moted that ecoms inturferesce 1ill be preevar after rivet inetalle-
tion,

Siacw the uther datas ars elgatficaccly offust 1o the right of the USA data, the regrecilon indicated
a Gtrong effect of leterforence on fatigue 11fe for the 2000 ¢erice epes imepe. Tha 7000 series dats hae a
such smaller coeffilcieat of luterfererco.
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Tha daca from the 7000 saries sluniniur alloy spacimens wara snslysid in an attampt to detarmina tha
affect of drilling versus rosming of tha fsstaner holns. This snalysis 1llustritas ona WSy to avoid tha
problam of calculsting whara s patamatar has no qusntitativa varisbla associstad with it. In this casa, tha
indapandant value 'l' wsa assignad to thosn spacimans which wara ragmed and tha valus '0' to thoas which
wera drilled, In ordar to aquitably completa this analysis tha French spacioan serias which hsd brosched
holas ware ramoved from tha data sat, The rasult ia given in siquation:

N =10 & {5.5974 - (0.00575)*5trass + (0.003B0)*Intarfersnca - {0.000812)*Renm) (8.3)

This equation is somawhat diffsrent from that of Eq. B, not only becsuas an additional tarm has baan addad
but slso becausa ten {10) spacimens wers ramovad from tha dats mat whan tha French spacimens wers daletnd,
Nota that the coafficiants of tha mean, strass and intarfaranca veriables wnra changsd ieas than 10 parcant
from thoan givan in Eq. 6.1, Tha coafficlant to the “Raar" verisbla is givar aa =0,000312. Since tha “Reim"
variabla is 1imited invalue to aither '0' or 'I' ths effact on tha squation ia minimal from thia coaffi-
clent. A typicel affect” of tha "Reexm” variabla would ba to changa the fetigus 1ifa lass then ona pPar cant,
This analytical result should not ba takan to ba a recommendation to discontinue rasuing, though, Raaming
la of importanca in oaking & preclae hola in which a festenar may ba instelled at & known intnrfaranca.
Thua, the affect of raeming may airasdy ba includad in the snaiysis in another indapandeat variable much es
"interfarance",

Syatams that stend out in figure 48 are tha French broached hole spacimena with Lockbolt fsatenars
end the Natharlands doubla margin drilled holaa compered to thair standard drillsd counterparts, These data
wars not further investigetad Wilng tha aultipls linear Tegression since thara wae no way to quantify the
hole quality psrameters.

In figure 4%, tha Iltalian teat dpecimans et B0 MPa atand out above tha remainder of the 2000 anrias
aluninive specimene, Mare, agaln, the French broechad hole specimene have lives at tne high end of the
pooled fetigua lifa deta., The USA aluninium rivetad specioans resida at the lower end of the fetigua life
data,

The multiple linear regresalon analysls mathodolegy has been shown to be useful in determining the
impact of differant test and manufacturing procassas on the fatigue performanca of the AGARD reverae
doubla doghone epecimens, The Breatast success hes vccurred whepn the parameter of intareat can be quenti-
tatively definad wo thar {rs lmpact on fetigua performance cen be calculetad.

Tha multiple iinear regreseion enalyuls results quentify -for instance-~ the effect of interference,
whilat no information ia glven of the scatter. To 1tlustrare the latter rha ranges of f{r eud corres=
ponding fatlgue livee were piotTed (flgurew 50, 51). ahowing that scatter iw curtainly net nagligibla when
selacting faetener eyatems.

The beneflcial effect of fnterfercnce 1w {l{uatrated clasrly by the Cerman resulte. MER/JFW calculatad
the stress wituation cloge to the festener hale. Ygura 52 ihows thet a fastener uverslee of 15 um (W 6,3
em) results in e tangential stress uf about %4 MPe. An Increase In fit te 40 yn kfvea 2 tengantial etrens
of 250 MPe, The net effect of the Interference fit approech 1s to reduca the alterneting component of the
streds while increasing che maximum ofe, The determination of the optimum interference ts difficult. The
Increase in fit frem a eedium to a high value with the Taperiok gives only a moderate {mprovement {n i{fe.
An interfarence uf une Per cent of the fastener dilameter, in this cese, mlght be considered aw an optimum
walue {reference 13). Ko eignlficant differvnces 1n life are cheerved when comparing the titanium and steal
fasteners, Purther, the farlgue quality of the double wargin drilled holea 1w certalnly wot worse than that
of the reamed holes.

The ltallau reaules Sugdest that, !n low loed rrapsfer Juints, the cffect of cold working i spolled
by eubsequuent applicativn of a clearance fir, Purther, {he of feet of hele diameter ia fairly amall, giviag
longer livea for the 3 mm hule, The dlfferences in the life arc umal: when comparing pProtruding, counter-
sink, and tension countersink Hi-loks,

Dluregarding the small differences in fife improvement fatore the same trends are feund under
FALLSTAFF and MINI-TW($T 11} loadig. However, wealter 1s larger vader MIN{-TWiST 111 foadivg (Franee,
the Netheriandu),

The hand bucked 1iveta, {n low fvad transier jotate, Eive longer lives tham the machine syueesed onea,
This 1u merc Pronuunied for the 2024 rivees than for the 7030 tlvers,

The Bumcrous festceer systems evaluated {a the UK are dincuseed in datail in 8.%,

8.5 Comwparisos of UK sad ACARD tow load tranatar Juint decipn

The tatigue test results to- the lue load Lranstor atandard dpeclmen are given in Anged B and are
shown in figure 24 along with the resultu of the UK mals programms, Whibee the clearanee (1 rewults are
very siallar 1t dhould be noted that the life improvement due to cold worolsg 13 greater in the ACAKD joing
than la the ¥ juint., The Lutay diffraction measurements of Divtrich aud Putter (reference Y4) Indicate
thit the compression region around a rold expanded hole cxtemds ta o wlze Appreslpate Iy that of the hole
dismeter in lasge plages. Sinee the % demlgn LT specimens have such short cdge wargin, ir ia poazible
that sa high an <wount uf culd working could aor be develuped resulting 1 the lower fatigue fife seen
hére, 1t ta noticable from the % fracture durface exsminatione thay rhe celd worked specimens have difor-
ent fallure wodeas the Y joine failing from 4 frecting origia avay from the bure of the Lole whilét the
AUAED Joirt fuilw from vriging at the Bure of the hale, It feuld be arpued that the X jeiar 1x strongly
altected by eald working, sinve the failure origin 15 emved eumpletely away from the barle,
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8.5 Correlution of fatigue lives of double shear snd low tranafer jointa

Results from France and the UK show thst the lives of the reverae double dogbones are -comparing the
means- shorter then the livea of the high 1oad transfer double sheer Jelnts (figurea 53-56),but acatter-
banus may overlap {partly}. The Duteh results {(figure 57} show the contrary: the low load tranafer joint

‘has better fatigue characteristics than the HLT double ahear joint. Next the fsstener aysten rating in both

designe 15 compared.

From figure 53 it follows that the UK results have e drawvback when comparing the double shear and low
load tranafer jointa: the test etreas level ranges dfffer, Without considering thia 1c 1a obaerved that the
low load tranafer joint mean rasults are aituated in two cluaters, clearence fit facteners veraus cold-
worked holes or interference fit fasterers, Sith the exception of the Huckcrimp ayaten, used on lov load
transler jointe, edgnificant l§fe improvemsnts were galned by ueing l1fa enhancement aystems. The reason
why the Huckcrimp faile to increase the fatigus 1ife over the Hi-lok syetem is becauss the improved clamp-
ing has little effact in low load tranafer aitustione, In high lcad transier Joints clamping can aignifi-
cantly improve the fatigue performunce by providing s loed path vhich by-psases the faatener.

The high 1oad ctransfer Joint reeulta show that life improvement mechsnlaus are obviously more effective
where the potentisl for improvement ia the greatest. lmproved clamping will have an effect only when a
large load is tranaferred by the fastener; frictional clamping then becomes algnificant. With higher loed
transfer and/or higher alternating streds, {.e. whes the relative movement betwsen fastener and joint
material ia Jarge, the interference fit reaches its full potential, reavlting in a delay in the oneet of
cracking,

Cold vorking alsoc delaya the onset of cracking and due to the compreasive realdusl wtreas fleld aleon re-
tards early crack growth,

Comparing the fatigue livea of the Huck~EXL and the Hi-tigue faatenera {figure 54), the UK reaulra suggeat
that both joints are not equivalunt with Tegard to the rating of the faatener syatermy coneidered.

8.6 Double shear jolnta fatigue 1ife analyais resulrts

B.h.] Participants PYOREamne s

The Foamch resulta show, figurea 30 and 31, that the apecimens mude of the 1050 and the 7075 alloya be
hava nominally equivaisnt under both upsctra, except for the high MINI-TWIST 111 strsss luvel, Undsr bath
spectra the 2024 apecimens have an equal or butter performanze at the two lower atrusa livela whilat a
worgs performance fa found at the higheat nstress level. This diffsrence in behaviour of th: two aluminicm
alloy serisa waa alac found 19 the lov load tranafer joints progranis.

The results of two doubly shaar duglyna, having a load tramefer of about 20 % and SO I, conflrm the
oftun obaurved behaviour that "lover load tranafer gives higher livea”. The high load transfer Jointa alse
show that cold vork, im combination with clearance f{r, is superlor to a medium interfersnee [{it and,
except at the highsat stresa level, to a hlgh interfersnce fir, But the British results show that the
(aplit sleeve) cold work resulea fall, at both stress levsls, in bstwesn the reaults of the high interter-
ence syater (Hi-tigus and Tapirlok) in such a way that the scaltur bands ovarlap. Thia overlapping of the
scalter benda prevente the wallng of a arraight forward compariaon and ranking of che faatener ayatems,
Heverthelssa, the UX resules furthsr sLggeat that, certalnly ar high atress Livels, cold work in combina-
tlon with a medium to high interference, aa with the Huck-EXL, wlght have vary good fatigue characterin-
tics. Koteworthy ie the effsct of clampiog in cleavemce Fit syatsm: this might give life improvements, us
coepared to the Hi-lok ayatem, comparabls wirh thass gatned uaing e.g. the Acrea cold work and Hi=rigue
high interfersace ayatwms. One Problim might ba the relaxation ef €laeping during the Life.

B.6.} Core pro fhrme

Valng the high load tranefer (type [) doubls shear joint it {4 shewn that FXFS-N {cold-work and medium
Inrerfurence) te kuperior to FEFS-a (elearanca fit), whilsr the Franeh high intarferonce dystsm, in irs
turn, glves slgniflcantly longer lives than FaFi-f. Thls aleo polets to che concluaion of 3.8,1 that culd
vork aesd to be coshined wlth medium to high Intsrfersacs £iU rateners,

The correlation with the loed Cranaper values will be wade ia 9.7.3.

The [iras vhuervation Is that #catier in gingle shwat jotars fatlgue lives tonds to by smaller than 1a
double absar jeinte. This ia becauss the sccondary bending forussed thy peak SCfess at the outsT surface of
Che Jmisz. The siagle shear Fastensrs Lt to clearaace it holea, thus hasing ¢ smaller beariag aress thun
in double wbear joinrs, Thiz factor, tegethar vith the facy (hat wingle shear joints have enly ape mating
surface for lead tranafer by frictional forecs, also couse diffureacas i+ Joad trsmefor between single and
double ehear jJolatw.

Figure 35 ahowe that there (o no slegle alupe for the twe 2000 aurics alloys In the life-aircua plet;
tha same 3pplice for the twe 7000 werles allove. AU higher stTwas luvals the 2334 slloy givea longer liven
thas the 2024 iley apecimen, and the 7475 alluy gives aborter lives then the 7050 alluy specimen.

The {nvestigstivn fatu rivet LYpe, rival material and shast thickaess (figure 37) ahowa that in the
thicker matirlal {n partfevla. the application af tiw JOM rivat #ives a large tncreese in Jife comparsd to
the 2024 river; thla La mout strikiag for the Briles riveta. Kowevar, the 2050 £rilea rivete ahows the aam
fatigue chatesterd tica ag the standsed cousteraunk rivet whilat the JO24 brilea rivet 14 ¢ ztalnly not
batter then tha 2034 countefuink ani. This redalts auggeat ao aupering aebiviour for the hrilee river under
the almulated condition.

The few resulta on the comparlsoa of the alighs presa ftt Hi-lok aad rhe Locarference flr $lesvbole
{Eigure 38} ahow no diffurences 16 fatigue Lify whaa wind Lo 1§ dugbone specinmen, Moreovar, the reauics of
thess fastener systems fall fn the scatturhand cf FEFS-A and =% faaclon, whbich almoat cotucide, Thus dif-
Lereat fastener aystams tund to give comparaele lives in 14 dogbuee specimens.
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8.7.2 Core programme

As pointad out in 3.4.2 sll specimens, 1,u. sll slngle shesr and their double shuar equivalent de-
signe, were manufactured from one matsrlal and provlded with one type of surfacs treatment, One hslf of
the apecimens were inatalled with fastener system A (FRFS-A), which hes & rountersunk Hi-lok installed
with rlearance fit in s reamad hole. The other hslf was installad with FRF5-B: a countersunk Hi-lo% 1n-
stalled with interferenre £fit in o aplit slzeve cold worked anc reamed hole.

Thls sercion analyses the rasults From this and tha double shear rore programma.
The muitiple linear regrusaion analysis wes performsd on the single ahear cata, uwxcept for the X joint
dats. The equatlon which beat fits thu dats is given as:

N o= 104 (5,874 - {0.006507) % streas = (0.00994)* secondary bending
+ {0.009874) * load trsnsfar. {B.4)

Tha roafficlents of cthe secondery banding end load transfer are approximacely 0.01, indicating thet a
100 perrent value of either gerondary bending or load tranafer will result in a changa In Iife of a factor
nedr ten. According o thia equarion, serondary bending results in a decrease in life and load transfer
reaulea in an Increase. Tt s noted that the analysia treats the serondary bending and locd transfer as
indupendent variablee, but they are not in actual Joints.

It wvas thought that it may be poaaibla to superimpoie the sacondary bending atress onto the applied atreas.
This waa done for the single ahaar apecimena by multiplying the applied stresa by a factor of (L + second-
ary bending/100). The r2aultant reletionahip ia:

N = 10 A (5,3822 - (0.001699) * (atveas * {1 + secondary bending/100)) +
(0.002200) * Load tranafer) (8.5%)

Thla acaciatiral rorrelacion reaultad in approximately the same coafficlent of rorrelation aa thit of
#q. B.4 but the load tranafer roefflrient ia nignificantly lower. Apparantly the exvaraion of the utreas
acalu with the addition of the sacondary bending leta tha load transfer taka on a different level of im-
portanre within tha multipla linuar regremsion. The degree of correlation In the equation indicatas that
aecondary bending la a primacy component in the facigue behaviour of single ahear sparimens.

Figure 58 preaenta the fatigue teat raaults of the rora programma slngle shear, double ahear equi-
valent and double ahear dealgnu. Thia figure alac givea & regresaion lina using equation B.4, as an
exampla.

Tha diffevencas in life for aingle shear apecimena with FRFS-A and wlth FK¥S=B are amail; ien general,
FRFS-B givea only a amell {mprevemant in life, There are three vicaptions: the X jolnt, where there 1a a
algnifirant difference betwean the farigue llvaa obtained with FEFS-A and FRF3~B {(tba F%FS-A acriea had
nllghtly oversirad holes, the FEFS-E werias had very murh oversizad helea resulting tn ar average of 9 um
¢laaranre instead ef 2% um interference), Che Q joint, where there la no aignificant Jifferance between the
(wo faatener eyotema, thus Lllustruting that tba inrrcase in banding when golng Frum FHFS-A to FEFS-B i in
beleare vith tha dacreaee In load tranafer (cabla 13) and thy £2 Jap joint whare the devlating cerralacion
betwean futigua 1ife and atreas level might be influemced by the bending restraing, preventlng retatlan and
thua high sercndsry bending of the apeclmen at low leads and allowing retation and thue bigh aecendary
bendiny (58»> 1.00) at the high strasa level. Tha bending reatralng wap nut used during che secondary
bending and lead tranafer measurementa. Conzequently, the seceadary bending value sbeould not be used iu Che
evaluation ef tha fatigue teat reaults.

The small differencas in iatigue lives under FUFS-A and -B allew « rombined plot ef farigue 1ife
versus secoadary bending to ba mada {figure S9). Excludtng the €2 lap Jeint resule For reasvas sentlentd
previcusly, a rorrelation s found between secundary bending, farigue life amd wtreas levels when infreaws
ing the srress level a reduction in 1ife lu found, but this reduetion ia 11fe betumen more proacunced vith
inzzeaning werendary bending. Ia conrlualon, t(he bemeficial effect of fatigue rated fantener aystems s
wrershadoved by secondary bending of single shear jointe, load tramsfer plays a wecondary rBle im thles.

The Juuble ibuar care pregramew results (figure 58) show, contrary tJ the tingle shear dewigoe, a
large life leprovemcar wben applying FRFS<M. 1t i¢ ruted rhat che reeulth of the th doghbone duuble shear
pecimins with FXFS-B are an undereatisats slace fwe [eats wete =(upped € abuug 100.D00 flighte and a
third Ceur wad atopped due (u tent marhine malfunccioning.

Tale prugramme part aloo shows (hat the sfstement “the bigher the load transier, the shurter the tatiguc
11fe" eould ast bo tonfireed For all Julnta, fe might be that emall dlfferences 8 the 11t dlsturh the
rating uf jolata ua the bautsd of load Cranafer,

Comparisoa of the fatigue livea of wingle mhear Specim:ny aad the'r deubte shuat equivalear deaigns
is enly pomaible with the type € lap jaint wad the 1Yy dogbene apeciber. The firat type has such ahorter
lives for the atagle whear Jdeslgu. 1€ 1s motud that the FRFS-a double shear mqulvalent wpeelosn haw & lower
lead tramifer tham 1ts single whesr tounterparc. The double wbrar equlv-lent dualgn of the Ly dnghonc has
longer lives only far FRFS-N, Pastcher Bydten A in the duouble ubcar equivalent design whovs 4 susewhat
aealler fatigue 11fa hban the 1% dogbone teaultw; thia 16 caumed by the leercase in load transfer ln rom-
binatlon with A moderate fautenoqr wystem qualicy when vhanglag from a alngls abear (o & duuble shaar loinc,
1€ la avted that (he Pretch core pregramme specimens had anly =poxy paint au Interiay surface Lycatment.

B.8_ Cerrelacion of fotigue lives and eoat of Fastener Aydtrms

For reasons wentioned ia 7. only the Cotel dicoct coeisn, 1.3, -he fastener purchnae tost (beaed on
3000 plecen) and the mankeurs for Wele manufarturing and fastener listallacion, ean be evaluitod in wore
detell. The coat/)ifu pleca (figuree &0, 1) whow enveluper, (he roat weele of whieh 1a affncted itrongly
by the Taperleh ayetem. If this ayates it oattrad e genetal Cread of better fatlgue porformance with
inereaaing coat 1 ubsarved in the bigh load tcansfar data, Eaceptions to this tread ere the Buck-¥xL,
which le wora cust affective, and the Acrea aleave cold-working, whlrb (a4 sumewhat Joas coet ef fective.
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These conclunions ralate tv specific inntelletion tequirementa, n.g. fit gpeciman design, otc,
The cost correlation vith loew losd tranmfer Joint rosuit Le given in figurs 62. For reesons given in 7.4
tha results of differamt perticipants should not be corteleted, Again, tha cost sffectivenena of geme

9.  DISCUSSION
As mantioned in chapter 2 the report the primary ohjsctives of tha FRFS progremms wars:

i, o detarming the fetigua liven for o tongs of fetigue reted festaner syetems in diffarant taterfale in
comblnetion with hole Preperation technigues end inatalletion petemetarn;

. to eatsbiiah the cont figures of the fastenst aystem ipn Telation to the fatigue performance;

v identtf: the prime potemerers involved In fastensr dystem selection;

s=nerate Jeslgn dete for o number of feetener systsms;

te develnp a referanca detum for the comperison of teat results producad in differant countrias ueing
1 Usrent specimen geomatries;

6. +n develos experimentsl methods for fastensr system favigua rating.
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Each 01 he oojectivas will be discuesed.

9.1 _Daterminution of the fetigus lives

Between e np- ang sight hundred specinens wvers fotigue teatad in the {ramework of thia programme, A
miner pert of the Programme desit with rivetad lep joints, The laatensrs Fanged from etandard bolr to
topered feetenat~ initalled in holse, which wers drilled, resmed or coldworked, The of fuct of the fit of
the faatencr svatam, Lelng a primary inscallation parameter, wes eveluited In deteil], The sheet materisia
ueed wers ico- the 2000- ond 7000-aluminiug elloy saries; the surfece treatmant, 1.y, anodize, primer,
ssalent, ric. wen spplicd par the perticipsnt's wtenderd. The majority of the tsgea wers coerried out yunder
FALSTAFF ir.’.ng. la ahore: the firer chiective of the prograeme has heen achisved,

9.2 Evalustion of the feetsner aystem coat figures

The enelysis {usction 8.8) ahowed thet the cost data of different perticipant® eould not be compated
divectly, Howevar, the very detallead dets of aope Perticipants zive o clear insight {oto the coet elementa
of tha different inatallation operat ions,

The told-working process results in longer Installation times as compared to the "ordinary” fastsner ayw-
teus; In perticular "poar celd work™ Etaps eontribule to the eutra time required, but ir {a underetood
that new devalopments wil) elininete the reeming-to-gizy operation, The relatively Jung ingtallation tipe
of tha Taperlok 1a the wodt etriking chservat fon,

A general trend was vhserved whan cemparing the total direct inatallation coata with the Taligus livas
cbtained: ineresalng coata sight rosult in a bettar farigue performanes, This wea Bote marked where the
potential for impravemeat is KTRALEEL {.e. the high load tranafer dauhle shear Jolnta. Since moderats ro
high secondary bending teads o aullity the honeficisel effeer of fatigue snhancement fastennr ayutems it
Beats ot worfhwhile to spend the extra couta of thess aysrems.

A better Insight into the cost #llectivencan for high load trsnafer double shear and low load tranefer
Joines la cbralped by comparing the raris of total direet cout and tha aumbar of flighte to failury far the
various fauteasr Sydtema. The fizures 63 and &) present these ratias for ghy feateaer syatems evaluated
by the UK. The cumparison of the retive of the high leed tranafer deuble shear Joint sugpeats that tha
Huck-EXL syutesm is the mout cose effecrive Bystem of the ones evaluated. Moderately cout effective 4re the
Huckerimp and the Split Sleeve told work “YAtEms and -tu a somewhar legaer eulend- the Hi-tigus aystes.
Ihe Acres cold work and supecially the Taperiek dystem are highly coqt Ineffective; phe latter applics
alug for thy Hi-lok loatsiled in clearanee Lit la combinative with high load levelu.

The low lead tranafer jolnt resulea (flgure 61) show that agaia the Huck=EXL 16 the ms * eost effeerive
SYRlem, Rut, eontrary to the double whear jelnt rgeulte, the Hi-tigue dyutem is only © . what less ecuat
effective; the Huekerlmp uyartem Lo 44 eoRl ineffective as the Tapetlok ayates,

Cate should Se raken vhen trylag to eatabliah the potential cost benefits or penalefes in practicay slgua-
tiona.

It ean be coneluded thil the accond shizetive praved to bhe ditflewlt to fulfiy entirely, Beverthe less, the
coablnation of coat and fatigue data Biven, together wigh abeve evaliativn, Wil prove wieful (g she
fadtener aysten ielectlion proceus,

9.3 Frime PATamererd ia fautener BYSLéw -elnl}ﬂ

The rosulrs of ehe correletion analyses SUZgest that the weleerica of the prime paramcrers akeuld be
athisvad By jolat Eeodetry clasaification, Paramcrace deseriblag the jolnt geometry are the ugeondary
bending, 1cad transfer dnd thelr dependence oa the applivd load,

Thede paraweteya are Bate~fal dependent 1n low lnad ttencfer Jolasu, Per oghar Jelnt eypes the effecr
of the matérial on the sceondary dendlng, cre. wam hot matab]ighed,
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Losd tranafsr plays a sacondary rile in the fatigue parformance of aimple ahear joints. In tha doubla
shear (core) programme, differencea in faatener systam, in tarma of life improvament, ara claarly shown,
Thus, load tranafer is not os domlnant ss 1a the asacondary bending in simple shesr jointa. Further, the
fatigue lifa tating of the different daalgns doss not correapond with tha losd tranafer values measured in
the cora programma. Thia might be csuaad by the diffrrancas in intarfay surface treatment (Franch specimen)
and differencaa in fit aa applied by tha diffarent participanta. Tonsidering cther data it i1a concludad
that faatener installation pacamstara (fit, clamping, cold work) and load transfar ara also iaportant
parameters. [t is suggesied that hole manufscturing to size and fastencr instaliation should be done at a
alngle aourca for this kind of cora programme.

Thua, fastenar intatferanca is a prima paramster, except when appiled in singla shear joints. Howavar,
no optimum value can be glven. Reaulta supgest that the intarference should ba at leaat 1 X of tha faatener
dismeter. But with high load tranafer in comblnation with high fatigue atrasa levala tha cold work plus
high interference ia tha prima paramctar,

Last but not leaat: ths coat of tha fastanar ayatem, of courae, iz alac a prime paranmstar. In conclu-
alon: tha FRFS programme not only ldentified the prima parometars in fastener syatesm selectlon but also
quulitativaly avaluated theaa,

9.4 Daaipgn data

The large numbar of spacimena tested apd tha numeroua variahlea includad In tha prograome yialded in a
large amount of varlabla daaign data, 1t will ba clear that tha programme did not cover all variablea,
aimply because the total programme was butlt around the varloua participant’a individual cholca of program-
mey.

9.5 Raference datum

The core programeea aliowed a comparison of different Jolnt geometrlea from various participants.
Not only tha fatlgua tesats, but In particulasr the determinatlon of secondaty bendling, load transfer and fit
contributed largely to the underwtanding of the behaviour of complex jointa., Tha Inlormation obtained might
serve as & good reference datum for comparieon of teuwt results to be produced in future. Moreover, the core
programme raaults are a firat atap towsrda the dafinition of atandard specimen for the evaluation of
fatigue rated fastener systems, which will be a new AGARD SMP accivity.

4.6 fFaperimentsl methods

Each partleipant weed hle owre experimental techiigues. The report focused on tha elumping procedures
of “clamping senuitive™ jolnte a3 the reverae double dogbona and 1% dogbona, Clamping aenaitivity may oceur
whet a jolnt doea not tranafer all leads from one base sheet tu one other baae sheat.

Exporimwntal methods were developed wlth regard only ro the wessuTement af secondary bending and lcad

transfer. However, the pre-losding procedure ehould be specified exactly. The tollewing prelvading 1a pro-

posed:

- 0 load —= L0 T FALSTAFY = Min. lead FALSTAFF - O

- 5000 cyclew: O load — 50 I PALSTAFF - 0

- 0 load - 100 I FALSTAFY — Min, load FALSTAFF -0

- 5000 cyclew: O luad ~ 50 I FALSTAFF - 0

- 0 lead -~ 100 2 FALSTAFF -+ Min, load FALSTAFF ~ O, at the 104 § FALSTAFF the mcasurements should be
made,

Further, the form to record standard test informetion was not used widcly in the prograsme. Thie 18 in
contrast with the success of the furm to record the measured fit. The proceduree to seadure the fir worked
vell.

10, teNclLUsions
The AUAKS coordlnated Fatigue Rared Fass »Ber Syalefs prograsse hae demonstrated rhat:

{1) Secondary bending proved to be a prime purameler, AU moderste to high values 1t temde to aullify the
beucfivcial effeer of fatlgue enhancement fastener sysfemi; the lastener imetallation parsmeters (fit,
viamplag and roid Woth) are Bo priee paTameters in Chat aituacrion.

12y Simgle mhear jolate are the wasi severely loaded jolata with regard to fatigue.

(3) them wccondary bendiag 18 preceat the load transfer playe o eeciadary rlle.

(4) At low to moderato secondaty beadiag of At the abseade of It the fit, ¢lanping and cold work are prims
parameUurs. At high load trandfer asd at high fatigue laad levela the bear reeults arc obraime! wich
cold worked boles plus high laterfereace 74ir fastenera.

(5) bBouble shear Jolats c¢leatly show o fastemesr syetem tating undey realistle farigue leadimg: the [ife
Laprovesent sechanlons ATe moTe Marked 1o thede joiars thaa 1a iow lead transter/low sceundary beading
jelace,

() The low Jead rransfer jolars aad the high lead trasafer double ahear jolatl are ool eguivalent with
tegatd (o the fastenrr nyetem rating and ¢oot cffertivencua,

(1) Kewultn euggeet tha? the cffect ui stread ievel 14 Uhe vame Tur Ao lead and lom load traseter jolats;
the lew load transfer jeint has sviewhiat shatter lives,

{8) The hele gquality As =uch lu aat a prime parametcy. However, diseasnivniag To dlze o chbrala a elous
tolurance F1U redults 1o holed with good fatiguwe qualicy,

[T
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(%) Tncreseing coate of the fastener ayetem might result in a bettasr fatigue performance, but

- wodarate to high aecondary bandina tende to nullify ths extra coete of fetigue enhancement faatensr
eystema;

= both in high load trenefer doublie shear and in low load tranafar Jointe the Huck-EXL, eyetam ie ths
woet coet affective and the Taperlok the moat coet inaffective of the eyecems evaluacted. The Huel-
¢rimp ayatem ia moderetely coet effective for the double shear jointe end eu coet effective ap the
Taperlok ayatsm in low icad transfer jointa; while the opposite eppliee for the Acree cold work
ayetan.
The Split Sieava cold work syatem fa moderately coet effective for boch typae of jointe, but it le
underetood that new developmente will eliminate the time conauming, snd thua coatly, resming to
aire operation, The cleerance fit Hi-lok ayatem 1a cost ineffactive particularly at high load
tranafer it com!ination with high fatigue load levals;

= care should be taken vhen trying to eetabliah the potantiel cost bsnafita or penaltiea in practical
aituationn,

(10} Valuable resulta end,a lerge amount of deaign date verse ganerated in international eoopstation by
combining participante programmes and adding core PrOgTanmes.

(11} The rasuite of the core programmca provide an excallent baaja for the compecison of test raaulcs
produced uaing different apacimena.

(12) The cors programme Teaults are a first stop towarda the definition of atandard apscimena; the low load
tranafar core programmn ahowad that the uas of atanderd or refarence apacimen Teeulte In eagily com-
parable fetigue reet dats.

(13) Stendardized fatlgue test epectra ara undiapessable,

(14) Fetigus teeta on faataned jointa atiould be accompanied by the deternination of asecondary bending end
load trenefer on each combinetion of specimen type, matarial and faatener eyatam,

(15) The requirements and atandard inatrumentationm fot Che determinstion of secondary bending and load
tranafet need only to be adjuated -us propomed- with regard to the pre-loading procadure.

(16) The diameters of esch hole and feszener ahould be measured tn farigue test programmes, which evaluate
boltad jointa. The procedures adoptad iu this programme worksd well.
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TABLE 1
Perticipants of the Fatiga Rated Fastener Systen progracme
| COUNTRY CODE PARTICIPANTS
FRANCE F Cantrs d'Enaiss AaTonautique da Toulousa-CEAT J.P, Kerteman
CERMANY FRG Varatnigte Flugtechnfacha Verka YEWw-MBR K. Hoffar
ITALY 1 Univarsity af Piaa G. Tevalling
THE NETHERLANDS NL Natiousl Aaroapace Laboratory-NLR K.K. van der Lindan
SWEDEN s SAAB-SCANTA L. Jartali
UNITED KINCDON UK Roysl Afrcrefe Eatablishment R. Cook
UNITED $TATES UsA Alr Yor:a Matariala Laboratory R.B. Urei
OF AMERICA
Alr Force Flighe Dynamica Labnr-l:ury J.M, Pottar
TABLE 2
Fatigue Rated Famtener Symrem Propraemse paria
JOININgESICNS PAKTICIPANTS coxE
EXAMPLE PROCRAMMES FROCKAMMES
NO LOAD TRANSYER
r 4
- s :
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TABLE ]
No loed trensfer jointe progremus
PARTICTIPANT CORE
PROGRAMME
F H
2024-T3 L
2024-T35L . . -}
MATERTIAL 2214-TH51 .
7475-17351 .
7050-T7651 L
ANODIZING, PAINT .
FAYING SUEFACE AND SEALANT
BARE L] . 9
BROACH . L] ]
HOLE QUALLTY AEAM . °
LGCKBROLT, CSK [ .
FASTENER BOLT, CSK, HEX. L] o
RIVET, CSK, UN. .
1 FiT TRAKSITION . °
INTERFERENCE L] . °
SPECTELN FALSTAFY . . . o
TABLE 4
'1 Low load trensfer jolnte projramme
PARTICIPANTS
¥ rnc 1 Nt [1-19
core
1024~T) ] L] o ° o [} l o
MATERIAL 1010-TF4 o ° L] )
10s0-T76 L] ° o ° o o
FAYING ANOBLIZE cxe, | o @ a ° ° ° [} L] @ E
SURYACE MRINEX ] [ o @ [} L] @ I a I ] °
SEALANT L] a a L -] [} & o - e o [}
oRILL ]
HOLY p belit o ° O °
QuaLiTy REAN o 3 L) @ ¢ °
BROACH o
TOLE WORK o o o
Bi~LoK ° & e a ° o ] ® ¢
LOCK LT ° a
TAPELLOK [] L]
FAXTINER | Ml-TICUE .
HUCKCR I
HUCX EXL &
RINET e
OLT °
CLEARKNCE o ° « ']
4 T INTERFERENCE | o a ° ° L] [} ® a °
TAASSITION ° @
FALSTATY ] o L] ] ° ° o o 8 a o ]
{ ) SPECTEIN | pxy-muist s oo e

R
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TABLE 5

Double shes1 jointe proprame

PARTICIPANTS
¥ NL 5
BESIGN —— | —a=— — e ———— - —
2024-T351 . . . . . .
MATERIAL 7050-T?651 .
1175-17151 .
7OL0-T7651 .
FAYING ANODIZE ete. L] . - . [} L]
SURFACE PRIMER L] . L] L] L] L]
SEALANT . L] (] L] .
bM DRILL L] -
HOLE REAM . . .
QUALLTY BROACH [
COLD WORK . .
HI-LOK L] [] [] ] [] L]
TAPERLOK
HI-TIGUE
FASTENER HUCK CRIMP
HUCK-EXL
RIVET
80LT .
CLEARANCE L] .
FIT TIANSITION .
INTERFERENCE L] L] L] L]
FALSTATYF L] L] .
SPECTEUM MINI-TWIST L] . L] L] .
CONST. AMPL. L]
TABLE &
Single shear jolnts progremms
PARTICIPANT
us ¥ 4 13
I BRSICN e nr— | == —H G
2024-13 . . (] . L]
HATERIAL P2ATTS § ) .
1513-T1s .
14715151 .
CLab .
FAVIRG AMUDEZE exe, - .
SUEFACE PRINER L] .
SEr1ANT -
TUPCUAT .
Hut £ ORILL . L]
qUALlTY E¥an ] .
ERCAUN .
HE-LOW .
LOCRBOLT .
FasTEXEK niVEY . .
S1EEVEOLT .
»oLY (]
CLEARARCE
Kt TRANSITION .
ENTEEFERENCE . (] . .
SPECTaLn FALSTAFF . - . . .

MR B Al O R - 1




TABLE 7
Cora programme on single shaar joints

MEASUREMENT OF SECONDARY
BENDING AND LOAD TRANSFER

FATIGUE TESTE ON SINGLE
SHEAR JOINTS AND THEIR
DOUBLE SHEAR EQUIVALENT
DESIGNS:

Ml

ALL SPECIMENS.

O MATERIAL ALUMINIUM
TS0 TH, 1 6 mm

© INTERFAY: EPORY PRIMER
AND FR-1431-G SEALANY

O TWO FASTENER SYSTEMS

o

FASTENER T
Sritim :::m ::’"" *CLEARANCE
cont ~INTE RFE RENCE
a REAM n't
3% | M-LOK
COLD ML 18} '
. WORK | e5x -1
um P82 tunq
[ 4 e}
opTionay] MEAM W
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Mechanical properties of materisla
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TARLE 1D

Fastener systems
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TABLE 11
Standard test info-wsion to be recorded

FATIGUE TEST

(a) Ceneral Data
Date and location cf testing
Manufacturer/model of fatigue test machina
Test temperaturs (*C)
Ralative humidity ().

(b} Specimen Data
Material apecifications

Type of spacimen, including tntarfay compounds, etc.
Specimon identification
Type of aurface (machining hiatory and treatment)
Fastener aystem! faetener type

dry/wet installed

fit

hola preparation technique
Installation coats of tha fastener rystem.

{¢) Taat Data
Typa of loading
Maan cyclic {ragquancy

Frequency of maximun load axcursion (for atandard spectrum loading)

Charactariatic atreas lavela {(mean, or peak atreas for standatd spectrum loading}

Cyclic wavelorm
Number of cyclea or flighte to fallure
Fractura surface observationa including initiation altes.

TABLE 1i

Dafinitien of flighe types and number of 1oad cycles within each flight for TWIST and MINI-TWIST
(1f different, [igurea betwaen brackats rafer to MINI-THWIST; otharvise MINI-TWIST equal to TWIST)

Wusbet #f [lights Tomber of guet Tosde (full eyclew) ot the 10 eaghltude Tevels Total nusber
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[} 1 1 1 H % 1" j1 ] aa (388) % (B} 1A00 (470)
C 1 1 1 2 1 11 11} AL 1Y) e (0 1250 (380}
b 4 1 1 H 14 L] 04 Wb () ¥50 (270}
E - 1 1 L] 4 La% Llek} M tu) 00 {200}
¥ [ 3 3 3] 115 Loty 317 or9) %0 {150)
e L]} 1 ' 0 (12l Al (0} 490 {60
L} 420 1 (13 ) 2N 8 (an)
t 120 1 ay (A} 10 13
t EHY ! Bt B
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TABLE 13

Secondary bending ard load transfer of single shear core programme
specimena at fatigue test atress levels

SINGLE SHEAR STRESS FRFS-4 FRFS-3
CORE LEVEL
PROGRAMME SPECIMEN (MPn} so lur - LT (1)
- 150 1.32] 54 1.52 41
TYPE C | 0 23| s w2 s
210 a2 e .53 43
THPE Q == | 24 ba| a9 s loaa
150 - 1.03"@ - 50
_—
TYPE C2 200 - | Lorle - 50
200 D41 25,4 .21 22.7
1’5 DOGBONE S 250 00| 238 |z | 23e
X JOINT —— 150 .80 50
SINGLE SKEAR STRESS FRES=-A FRFS5-8
CORE LEVEL
PROGRAMME SPECIMEN (MPa} 11 (5 LT (2)
150 45.8 42,0
TYPE .1 DS=JOINT —HEEE- 200 46.0 43.8
250 46.7 444
i ; 200 33.8 41.8
TYPE D DS-JOINT —HEE— | o e a1
200 33 4l
1% DS DOGBONE b ——1 250 3 40
DOUBLE SHEAR 150 - a7
OF TYPE €2 —H— 200 - [50] 8
TYPE Ml & M2 —— HOMINAL VALUE LT = 20 £ (B
TYPE HE —HT— HOMINAL VALUE LT = SO X @

@ without bending restraints

@ inktrumentation not in accordance with requivements

@ nominal value, not measured with FRES-A, -B; measured in:

B o plate: 5B = 0.8)
4 miy plate {150 MPa): 5K = O.73

{ 50 MPa)

@ pide aheets v inatesd t/2

LT = 47
LT = 50




TABLE 14

Cost of fastener systems

0 @ -0
Cost oF PREPARLNG
FADTLCAPANT | PASTENER SYSTEN  [EQUIPHENT | cpop ppy Tine LNFTALLATION TIME TOTAL COST PEM 1000 PASTENER
AND TOOLS [ FASTINEN FED FASTENER (min) INSTALLATIONS ($)
) [£)] M
® predrill up to instslistion
HL-LOK + DH - 1.3 ¢ 114 win, (1) 1.1 1713
CERMANTY (GP) LOCKBOLT + 04 0.4 ;:ouu .62 min. (1) 1.08 B13
TAPERLOK 144 ‘2.19 min. (1) 1 1426
Ti HL-10K CSK SHEAR - 1.00 1.34 1483
T Hi=LOK PROTR. SHEAR - - 131 1473
ATALT T1 Hi-1OK CSK TENS10M - - ;;;oo 1.68 1326
CHTL Hi-LOK (3K SHEAR - - .84 Ln2i
CW+T1 3TD. BOLT CSK - 0.6¢ (2) PR ] LBLL
THE H1=10K/STD. 0N DN OMILL - 1.12 par 1.56 b (&) L2l (5) 2126
AETREKLANDS | H1-LOK/REAN - 1.11 25000 1,80 h (&} L5 (3) 223%
Hi-L0K/CV + REAN - 1,42 (3} 1,28 h {&) 0L2% (5 T4
Hi-LOK/PLANE BOLE 1019 1.51 5.2 L6831
TAPERLOK Los0 3.4 6.0 11627
URITED HUCK=EXL 340 67 7.0 1363
KINGDON Hi-TiGHE wes | par B 5.5 W1
HUCKCKLNP 58 73 7.0 2923
Ki~LOK + €W 4271 1.58 (5) 10.1 Ador
H1-LOK + ACRES CW 2098 L.y (1 2.3 &gl
usA H1-LOK 54 (8) -
SLEEVBOLT 50 (8) B
NOTES: (1} includes srepsracion of tooiing. ssslent snd of funpect o
{) withour crar of slesve
{1} inclueive cost of sleave
(4} dindicated time 1a par Cest eeries
(3) inclusive ssslent and primer spplicacian
(8)  includes hole end fastanar Inspsction
(7) ovsumsd: | manhour = § 18,8
TABLE 15
Relative cost of fastener system
’
RELATIVE COST RELATIVE RELATIVE RELATIVE RELATIVE TOTAL
PARTICIPANT | “ASTENER SYSTEN OF EQULPMENT COST PER PREPARING INSTALLATION | COST PER
AXKD TOOLS FASTENER TIME TIME PXIR FASTENER
FASTENER INSTALLATION
HI-LOK + DM - 100 100 100 100
GERMANY {CF) =LOCKBOLT + DM - 5 54 k3] 4l
TAPERLUK - 106 o 2Tk 141
T1 NI-LOK CSK SMEAR - 100 - 100 100
TL HI=LOK PROTR SHEAR - - - 98 59
ITALY TL N1-LOK CSK TENSION - - - 10% 10}
CW+T1 B1-LOR CSR SHEAR - - - 171 123
CW+T1 STD 8OLT CSK - [ - 181 122
THE HI-LOK/STD or DM BRILL - o loo 100 100
NETHERLANDS | H1-LOK/REAM - 100 115 11l 10%
HI=-LOK/CW + REAM - 127 813 134 130
B1-LOK/PLANE NOLE 100 100 100 100
TAPERLOK 106 210 . 100 691
UNLTED NUCK=-EXL 53 L3 ] - 115 170
RIHCDOM H1-T1GUE 102 113 - 106 104
HUCKCRINP 11 48 - 135 174
HT-LOK + CW 4% 164 - 19t 86
F1=LOK + ACRES CW 208 125 - 160 267
[IL7) M1-L0K - - - 100 -
SLEEVBOLT - - - 1t -
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Fig. 2a AGARD low load transfer reverse double dogbone specimen
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ANNEX 1
OBJECTIVES
@ DETERMINATIDN OF FATIGUE LIVES FOR A RANGE DF FATIGUE RATED F ASTENER SYSTEMS AND M .. ERIAL
IN COMBINATIDON WITH HOLE PREPARATIDN TECHNIOUES
@ ESTABLISHMENT OF COST FIGURES IN RELATION TO FATIGUE PERFDRMANCE
@ IDENTIFICATION OF THE PRIME PARAMETERS INVDLVED IN FASTENER SYSTEM SELECTION
@ DEVELOPMENT OF A REFERENCE DATOM FOR THE COMPARISON DF TEST RESULTS PRODUCEQIN
DIFFERENT COUNTRIES USING DIFFERENT SPECIMEN GEOMETRIES
@ DEVELOPMENT OF EXPERIMENTAL METHDDS FOR FASTENER SYSTEM FATIGUE HATING
Fig. !-1 AGARD SMP working group on fatigue rated fastener systems

3 EACHPARTICIPANT IDENTIFIED HIS OWN PROGRAMME |ACTIVE OF DESIREQ)

B A COMPOSITE TEST MATRIX HAS BEEN CONSTAUCTED FDA DIFFERENT TYPES DF JIINTS,

~ MO LOAD TAANSFER SPECIMENS

= LOW LOAD TRANSFER SPECINENS (NLYERSE DOUBLS DOABONE}
~ DOUBLE EHEARN SFECIMENS

~BWOLE BHEAR SFECIMEXS ISECONDARY BENDINGS

MAIN VARIABLES

@ ALUMINILM ALLDYS

B FAYING SURFACE THEATMENY

MATERIAL MTHICKHELS

FASTERER SYSTEMS 10 COMBINATION Wit BiT
HOLE FREFPARATION TECHNIOUES

FALSTAFF 1 st T3y

LOAD LEVELS

@ FATIOUE RATED FASTENEN SYSTEMS PROGAAMME

§ ADNSTEENT OF FHOGRANWES 10 tLIMINATE UNAECERRAN Y EuaPLolA TVON AMD 10 QT ST
OvERALL PRGBLEW COvERALE

O DEFG O OF Dl FROGRAMMES 1O LOHAELATE Tes! Brtas, ¥y

® ALATE OF A UNGLE Bk AR STANSABG SFECIMEN. A BaNGE OF ALY ENNT Df G WLy, 6E
EVALGATED AND SOW ABED

@ FANGUE Livid WLt RE € vacualtd ou TEma GF

- ETALLATION CORTH 6 Yot F S TENER SYRTER
= A TENER SvSTEM AND nOCE HACFARA Trily TECrmaDE e &
= LOCATMH O5F Toof § a4 brSik Coiaky, i Tiatin Wiig

Fig, 1=? Methods snd means of Accomp! fntmene
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@ NOLOAD TRANSFER JOINTS

& TisT PROGRAMMES: PER THE PARTICIPANTS STANDARDS

& CoRg PROGRAMME, WHICH w) L SEAVE AS A NEFERENCE DATUM FOR THE COMPARISON OF TEST RESULTS
PRODUCED IN FRANCE ANO SWEQEN

= PARTICIPANTS # FRANCE AND SWEDEN

= MATEAIAL " 2024-~T3, BARE tt w & mm)

= INTERFAY SURPACE TREATMEL'T . _

= PASTENER EYETEM tTINDLTE, HEX, AND CSK, $8mm DRy INSTALLED

-KT PER THE PARTICIPANTS ETANDARD
—HDLE DLALITY " PER THE PARTICIPANTE STANDARD
~1DAD LEVEL

200 MPa AND 3518 WPe, GRDES AREA STRESY (PALSTAPE)

@ NEASUREMENT 0F FIT ANOSURFACE ROUGHNESS (EACH HOLE)

@ LOWLOAD TRANSFER JOINTS

@ TESTPROGRAMMES

~ ALL PANTICIPANTS, EXCE PT EDR TWE UK, USE THE ETANDARD MEVERSE DOLH

MILE DOGBONE EPECIMEN
(AS USED IN ThE CRITICALLY LoADED HOLE TECHNOLOGY PROGAAMME)

=FRFE LOAD LEVELS 780 MPa AND 3518 MPy, GROSS AREA ETRESS (FALSTAFF)

@ CORE PROGRAMME TO CORRELATE UK TEST MESULTS WITH RESULTS OF THE OTHE
=PFARTICIPANT uK
= MATERIAL YOIB-T7681 1t o & men)
= INTERFAY SURFACE TREA TMENT PR 1422
—FASTENER EYSTEM
-7
=HDLE QUALITY

AR PARTICIPANTS

Hi-LDX. #8038 Cc3K

CLEARANCE, PER Ui ETANDARD

s REAMED, FEm Lk EYANDARD

& COLD WORKED, REAMED, PER U STANDARD
= LOAD LEVELS 280 WPy AND 350 My NET SECTIDN STREXS (FALSTARF|

® MEASUREMENT OF FIT AND SURFACE ROUGHNESS LEACH HOLE)

[ ] FRACTOGRAPHIC INVESTI

GATION TO ESTABLISH STATISTICAL INFORMATION OF THE CRACK INITIATION
SITES

@ DOUBLE SHEAR JOINTS

® TESTPROGRAMMES

THAEE DENIGNS (1002 10t AND 297 LOAD TRANIFEfI Wiy g€ INVESTICATED £ THREE FORTICIFANTY
FRES LDAD LEVELS 300 Wi AND 750 e, WEE TASLE | 1 1GNOSE AREA ETRESS IFALSTAFF|

® com PROGRAMME T CORRELATE TEST Mg SULTS OF OIFIIRSNTCOUNTFH(!

=PAATICIP AMTE SWECEN, U, ThE NE THERLANGS

- MATEMLAL HOM— T Y 2§ wumi

= INTERFAY BLUAF ATE THEATMENT EFOBY Mumgn At INTERF Ay SEALANT PR- 143 -G
~FASTENER Yy ETE iy a2 M- 0 CLEARANCE, REAMED wOLE

LR AN Y MTERFERENCE, COLL WwosRKED WOLE REAMED wOLE 3
¢ OPTIONAL W1 (Dw INTERFERENCE. REAMED HOLE :

- LOAD LEVELS 208 Wy AN 208 WP, SEE TAELE 1 1] GRORS AREA ETREXS IFALITAFF)

NATION OF SPECIMEN QESIGN ANO FASTENER
YYSTEM

@ MEASUREMENT OF FIT AMO SURFACE ROUGHNE 5Y IE ACH HOLE|

@ FAACTOGRAPHIC INVESTICAT)

ON TO ESTadLith STATISTICAL INFORMATION OF ThE CRACK 1MITIATION
uTES

Fie. 11 Faclgue raged fauteher prograwme, Somaary Lo be contipupd
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@ SINGLE SHEAR JONTS

@ TESTPROGKAMMES: A RANGE OF HIGH LDAD TRANSFER SINOLE SHEAR JOINTS WILL BE TESTED

= FRFS LDAD LEVELS : 180, 200 AND 260 MFa (SEE TADLE 1.2] GRDES AREA ETRESS (FALSTAFF)

@ COREPROGRAMME TO EVALUATE A0 COMPARE DIFFERENT HIGH LOAD TRANSFER SINGLE SHEAR JOINTS,
TESTS ON $INOLE SHEAR JOINTS AND THEIA DOUBLE SHEAR EQUIVALENT DESIONS. THE DOUBLE SHEAR
EDUIVALENT DESION IS A 5IMPLE DERIVATIVE DF THE SINGLE SHEAR SPECIMEN:

TNE ALYMMETMICAL SIDEFLATE 1S REFLACED BY TWD SYMMETRICAL
$1D% PLATER DF THE HALF THICKNESS, THE DOUVELE BHE AR EPECIMEN
HAJ NG EECONDARY BEMDING.

= PARTICHANTS
— MATERIAL

— INTERFAY EURFACE TREATWENT
= FAETENEN EYETEM

UEA. FRANCE, BWEDEN, THE NETHERLANDS, UK
.080-TTH 1 m Gmml  (IF NECESSARY MATERIAL EHOULD B¢ MII L EL
DOWN TD 2 6 mml
. EPQXY PRAIMER AND INTERFAY EEALANT PR=1A1~Q
.8 HI-LDK, CLEARANCE, NEAMED HOLE

P

F—

b. HI-LDK, INTERFERENCE, COLD WORKED HOLE, AEAMED
£ OPTIDNAL: HI-LOK, INTERFERENCE, REAMEC HOLE
= LDAD LEVELS 180, 200 AND 250 MPa (SEE TABLE A 2] GROSI ANEA STRESE IFALSTAFF|

@ MEASUREMENT OF LOAD TRANSFER ANO SECONOARY BENDING DF TEST PROGAAMME - AND CORE
PRGGRAMME SPECIMENS USING STANDARD PROCEDURES. MEASUREMENTS ON EACH COMBINATION OF
SPECIMEN DESIGN AND FASTENEK 8YSTEM

MEASUREMENT OF FIT AND SURFACE ROUGHNESS {EACH KOLE)

FRACTOGRAPHIC INVESTIGATION TO £5TABLISH STATISTICAL INFORMATION DF THE CRACK INITIATION
SITES

¥ig. I-§ Concluded

1886 151 18z 1943 1904

° FIKST DEFINIYION DF FROCAAMME CONTENRT

.
AGREEMENY ON F ROGRANME COMTENT ETC
° CONFISMATION OF CDOADINATION ARAANGEMENTE

'
SROCUREMEN T OF CORE PROSAAMME MATERIAL
| |
DETAILED PAOGAANME DESCRWF 110N

1
© FixaL DISCUSSION DF T4k PROGAAMME

B2 v 2ot as 2] FABRICATION OF CORE PROGH AMME SPECIMERS

e e ] FATIGUE TEETNG
[«] -mlu REPOET Fi PANEL uEMlEHE'
& 57 nnuln.n AVAILABLE
[« ] u:nn:u'at AN ENSCUESINN OF ALSULTE
_WLM AmALTEIE OF DATA ncnnalomuaal
A ORAFY AEPOAT Cxlimullniﬂi Comsmgn T

° Fiiuky, EEGRON

PLICATION OF REFORT @

|

Flg. i~+ Schedule and wileatones for the FUFS prograsme




TABLE {«{
Wumber of specimens for different load {evels of the
double shear joints core programme

TABLE (-2
Number of specimens for different load levels of the single
shear joints / double shear equivalenl cere programme

FASTENER SYSTEM
-=1.0K, HI«LOK, HI-LOK,
CLEARANCE, INTEAFERENCE, |INTERFERENCE,
LOAD LEVEL |REAMED HOLE |REAMEOQHOLE |CCLOWORKEQ
{MPa} AND
AEAMED HOLE
NUMBER OF SPECIMENS

200 3 13} 3

250 3 13 El

80 13 {3) &}

{ 1OPTIONAL

Bl

FASTENE R S¥STEM
HI-LOK, HI-LOK, HI-LOK,
SPECIMEN 10A0 CLEARANCE, NTERFERENCE, |INTERFERENCE,
DESIGN LEVEL REAMED HOLE REAMED HOLE  |COLD WCORKED
{MPa} ANO
REAMEQ HOLE
NUMBER OF SPECIMENS

150 3 [ 3
SINGLE SFEAR 200 % 3
JOINTS 13

50 131 13 131

150 3 5] 3
DOURLE SHE AR
EQLIVALENT 00 : o 2

250 131 3 ¥

150 (k1 (K] L]
t 172 DOGRBONE
TY8E JOINTS 200 3 13 3

250 3 13) 3

150 134 i 133
DOURLE SHEAR
EQUIVALENT 00 b i 3

250 ] 131 3

1 P OPTIONAL
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ANNEX 2
ORIGINALLY PUBLISHED AS: APPENDIX A/FRFS/NOV., 1981
FASTENER SYSTEMS
Three fastener systems are selected for applicatlon {n two core programues of the Fatlgue Rated

Fagtener Systems programme {see reference 1),
Baslcally the fastener syatema are as follows:

fic
fagtener system hole quality faatener + clearance
- interference
{mm)
FRFS-4 reamed N
FRF5-8 cold-vorked {1 %) H1-Lok, « 010
and reamed CsK, - 025 7 ¢
FRFS--C B6.35 o L .010
-OPT10KAL=- reamed = 090

The fastener type selected, hole productlon procedures, Interfay surface treatment wnd installatlon proce-
dures are described.

Fasteners
All fasteners to be used are cedmlum plate steel lil-lok HL=19-8-7 together with HL-70-8 collars.
The coding 1L-19-8-7 refers to:
HL-19: pln part number

- 81 B/32 Inch or 6.35 mm nominal diameter pln

- 7: 7/16 inch or 1}.1] mu maxlmum grip length.
The collars are wmade of 2024=Th aluminivm alloy;
the coding - 8 refers to mominal thread sire of 8/32 inch or 6.35 mm. The nomlnal diameter of the pln 1s
6.35 mm; the specified mininum snd maximum diameter are 6,312 om and 6,337 mm Tespectlvely. However,
practice shows that the pin dlameter lu between 6.325 and 6,337 mm.

Fastener holes

Table 2-1 gives the hole preparation for each fastener wystem, Nominal Coo! diameters should be selected
very catefully by eacn particlpant to arrlve at the required fic.

The eylindrical parts of all fastener holes muxt be reamed as a last vorking procedure,

Countersinklng fa done after reaming of the cylindricel parta of the fastener holes.

MHauensions of the counteraink are given in the following flgure:

100° & 200

18524 £ 0025 men

bDimensions of the countersink

After countersinklng all hole edges at interfaying and break out surfaces, fxCept the counterulnk, are
tightly deburred,

As indieated earller the fastener system B is an Interference fit Hi=lok Lp & 1old-worked, reamed hole (see
table 2-1).

The hules must be cold-worked wslog the Split Sleeve Cald Expansion Process (CX) of Fatigue Technology
fnc., USA; detalled Intormstion about the hule produceion is given in the folloving (nee also reference 7).
The starting bales shall be reamed to dimenafons as glven {n table 2=l thene dimansions correspond with
those of reference 2, (f o curting fluld leaves an excesslve lubricant resldue In the hole, the residue
mupl be removed before eplit sleeve cold cxpanslon.

The major and winor dismeter of the wendrel are given in figure ?-1. The wandrel major dlameter Is allowed
ta shrlnk of wear a waxfeun of 015 s {.0006 Inchea) frow the nominal diamater befure replacemant,

Uec vf & reamar wirh a san-cutting pllor {a requlred as a quality coatro! messyre to enaure thar all hules
are cold expanded prior tu pust sizing, The pllot dismeter will not flt loto a starting hele, bur will fit
ioto a cold cxpanded hele,

The cold vxpanded hole haw 4n axial =idge which correiponds wich the position of the aplit in the sleeve.
Pose eizlag 1s required to clean up the hole in order to provide the deslred Fautener fic.

The maximum sctal removal 1o limlted to IO % of the nomine] huole dlameter or 1,373 ma {0.062 fuchea),
whichever lu leus.

The FTL1 process speciiicarion aflows that the fiefshed hole contalna a reglon near the entry, esit or
Interface which does net cotally clesn up during the posi slelng operarion. The hole wifl be aceeprabin
providing the reglon does mot extend axlally by more than .508 ma {.0"0 Inches) or 10 X of the detall
thicknesws, whichever {a less,

#achlalng of counterslaks shall be performed after post alee roaming. AlL hole odges at ingerfaying wsnd
break vut surfaces, except the couarerslmk, are Lightly deburred.
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Faying surface treatment and aaaembly of apecimena

Commen to all participanta of the Double Shear and Single Shear Core Programmes la the achema of faying
aurface treatment and wet inatallation of the fasteners. Following machining, hole production and
measurement of all holes (aee reference 3) specimens will receive a faying aurface treatment aa followa:

cleaning (degreaaing) with auitable aclvent;

application of epeiy primer, except in counteraunk holes, to a dry film thickdeaa of .05 - .13 mm;
cure primer;

upon sasembly the faying aurfaces of the joint specimens will be coated with Producta Reaearch and
Chamical Corporation (PRC) PR-1431G or equivalent. The aealant ia applied using & arandard ahort mnap
paint roller {(see PRC Interim Technical Data Sheet for the PR-1431-G corroaivn inhibitive sealant);

no topcoat ia to be applied to the specimena.

References

L.
2.

Van der Linden, H.H., AGARD SHMP Working Group on FRF$, Reviaion C, July 1981.

X Procean Specificatlon: Cold Expanalon of Fastener and other Holes using the Split Sleeve Syatem,
FI1 8101, Fetigue Technology Inc. Draft, May 1981.

Meaaurement of fit and surface roughnesa, Appendix B / FRFS, Auguat 1981. Alao as Aonex 3 of thia
report.

TABLE 2-1
Fastener syatema
FASTENER SYSTEM CODE FRFS-A FRFS-B FRFS-C opticnal
Hi-LOK HL-19-8-7. nom, die 6,35
FASTENER min. dis. 6,312, max. dia. 6,337
practice: dia. 6,325 - 6.237
PREDRILL X X X
DRILL X X X
REAM X TO: 5.74 - 5.79 X
CCLD WORK 3x
aplit sleeve
pIrocesa
(CX) of FTI
REAM X
COUNTERSIRKING.
DEBURRING OF ALL HOLE EDGES, except the counteraink
MEASUREMENT OF FIT
INTERFAY SURFACE TREATMENT = cleening
~ epOXy primer
- asslant PR-1431-G
WET TMSTALLATION OF FASTENERS {PR-1431-G)
FIT + clearence .01 £.010 £.010 |
-interference +.020 -.025 -.090

(dimensions in mu)

MAJOR tHAMETER MINOR DIAMETER NOSECAF

MANDAREL
ATTACHMENT

FASTENER SYSTEM &

FTUSTANDARD TOOL NUMBER B-3-N

1

MANDAEL MAJOR DIAKETER 5084 ' mm
winoR DIAMETER 52002 91 s
BLEEVE UIMENSION
THICKNEST 1582 % mm

Fig. -1 $plir eleeve cold expanaion mandrel

vnd

iR i
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ANNEX 3

ORIGINALLY PUBLISHED AS: APPENDIX B / FRFS = AUGUST 1981
MEASUREMENT OF FIT AND SURFACE ROUGRNESS

sh the fit of each faatener/hole combi;
Meagurements should be noted on a epec

nation the hole and fastener dimensiona

Tn order to establi
jal form (table 3=1}, developed by VFW-

ahould be characterired.

Bremen.
The procedure ia aa followa (see table 3-1)

* Bach Specimen:

- specimen identification;
- identification of the faatener holea.

* Each faatener hole
a measurement of two
average value;}

diameter (perpendicular) on the top side of the specimen, calculation of the

diameters {perpendicular} on the bottom aide of the apecimen, calculation of

b measurement of two

the average value;
o average flgurea found under g and b3
d measure the faatener diameter (twice);
B8 calculate the average faatenet diameter;
f eatablish the £it.

An example la given in table 3-2.

The hole surface roughnesa ghould be characterized using in houae equipment.




5§ o

TABLE 3-1
Measurement of fit and surface roughness

o Dis. @ ros Hale Dia. # bohom ] Fusmam Dl # Fua Ne ol | Paagh-
0 7
W | Me Muamrtmeny | S Mamrermey | Ao | Aman :nuu--: AR | (ol Cosmam) Fen. | v
T — b
TABLE -2
Measurement of fit and surface roughness. An example
Gmen | venis ek B b » P [ a N ool | Augp
Ne | e :,,__: Acag | A :.___: Aora | et Ceasee | Fe o
" a3 | sae | #37 | s | saw | exm | osam | ses
| axm | wmz | s3w | sme | s | sae | awz | a3 | sam | 837 | pem

p—

i e

Famen e WCHV RS

T R R
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ANNEX 4

DETERMINATIDN OF SECONDARY BENDING AND 10AD TRANSFER

SUMMARY

For use in the AGARD SMP Fatigue Reted Faatenar Systems programme & procedure fot tha datermination

of secondsty pending snd 1oad transfer 1a described.

l. INTRODUCTION

as reachad oo tha programme content {teferences

At the fall 1980 FRFS Working Group peeting agreement wi
t of aecondaty bending and load tranafer is t¢

1, 2). In the vgingle Shear Joints Core programse” the amoud

be measured.
The Worklng GToup adopted 8 procedure fot the measutement of econdary bendlng; this procedure was proposed

by Dr. D» schiitz {LBF) and is described fully 1n this annex.
This peaotandum also desctibes @ procedure for the determination of load transfer; this procedute will also
be used In tha tnguble Shest Joints Cotr® Progromme” .

It 1s strongly recommended by the FRFS Working Group members to use the procedured deacribed hetein.

2. DETERMINATICN OF SECONDARY BENDLNG

£y deflnition aecondary bending 16 caused by an excentricity. The procedure describved 18 pesed on the

measurement of attains during 1oading and unloeding.
The posltioe of the sttain geuges, the definitlon of
example ate deactibed 1n the follovwing.

gecondary pending, the load appllcation and 8 typicel

2.1 Positlon of the strain gauges

The aecondaty bending 1§ intetest BT the cricical cross-section, i.e. the cross-section where the

ferigua crack oCCUTB: Usually & ctack will statt at a hole ot at the faylng surface close to a hole.
The locatlon of ctack initlatlon la not accesalble 1n most cages) 8o & nelghbouting posltion murt ee oo 7

for the neaeurement.

The Eollowing convention hse peen adopted (refetence 3} for choosing the poaltion of the straim

gauges:

a) In the case of jolots wlth aeveral fagtenets in a to¥ the poaltion of the streln gaugea 18 glven Lo

figure 4-l.

b)Y In the case of jolnt# with one fastenel In a Tow the posltlon of the ptraln gauged {a given 1o

flgure 4-2.

At each position, aa defined undet a) and bv), two attain gauges ahould be bonded, 1.e. OPE at each aide of

the plete (flgures 4-1 and 4=2).
1n otder tO accommodate the Intetrference B
opposite plate {references 3, 4, 5

pugele} and wires ehallow tecesses should be panufactured i the

Futther it la reconpended to usE atraln gauges with a grid jength and width of 3 mm and 1.5 mm tee-

pe:l:i\rely.

7.2 Definition of aecundaty bendlog

The definitlon of aetondary bendlng Ls glven in figure 4-3.
The bending and axial component of the sttaln ate derived using the sttaing peasured at the oppoelte sidea
uf the plata.
The secondary wending tatio (teferenced 4, 6) 'e gived by
atraln at ths poslition undet conelderatlon.

the tatlo of the bending etrain and the axial

2,1 load lggllcution

The seasurement of secondaTy bending 1% catried out under atatie loading. The josd Btepe ALE glven in
rable 4-1. Load ie glven relative to the waximum load in the FALSTAFF sequence. }]

Tabie | also may be usad for reporting of the measurementd wads.

ined Indicating that

puring the flest lead ¢cycle & hystervals logp, load va wtraln, way be obta
ghly srreased

residual dsformation 18 Yovolved arising from the f[agtenct deforpation and yleldlng of hi
reglons. Therefote the peasurenent shpuld be tepeated after a num ef of load cysles, 18 prder to chiain &
atabilized load~strain Cutve (nee alwo 2, aye

1} Rote: The Joads applied 18 the measutenent ehould cover the jouda that will be appiled in the fatigue

Tenti

2.4 A typical exanple
s typlical joint, namely the eingle sleaT 1ap jolnt (flgure Geh) wae jnvestigated In teference 3.
The loada applied vete extablished in such a way chat ali fatlpue teuls catTled out remained within the

joad tange ad pied In the measi sment Of gecondaty bending.
The losd sequence appliled waidi £ TO-makimus load-1eTo-alnlmus joad-Eero.

o

_t?‘*—v-'—
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Results of the first iosd cycle ste given in figure &-5,
Also stsbilised load-elongstion curves were obtsined: sn approximate linear reistionship wss found (figure
4-5}.

3. DETERMINATION GF LOAD TRANSFER

In joints load ia transmitted from one plste to another at each fastener row. The determination of
load tranafer ia baaed on strain measurementa during iosding and uniocading.
The poaition of the strain gauges, the definition of load trsnafer snd iosd applicstion are described in

the follewing.

3.1 Position of the strain gauges

The position of the strain gauges is givan in figure 4-6.
At site 'a' the total (axisl) load, carried through the ‘oint, .1 .-sasured,
At site ‘c' the bypaas load (figure 4-7) ls measured.
The variation in load tranafer over cross-section "A" is eatablinhes uaing a number of strain gauges; the
position of the atrain gaugea 1s given in flgure 4=6. In order Lo e:nlude the sffsct of secondary bending
loads the atrain gauges should be bonded on oppoaite sidea of the piaie. Shallow recesszes should be manu-
fsctured in the oppoaite plate to accommodate the interference gatge(a) snd wirea; the dimensions cof the
shallow Teceaa are given in figure 4-!, The dimensions of the atrain Geuges are given in aection 2.1,

3.2 Definition of load tranafer

Load tranafer ia defined aa the load which 1e transferred from ons plate to snother.
That part of the load which is not tranaferred 1a calied the bypaseing loud, Load transfer and bypsssing
load are given achemetically in figure 4-7,
Load tranafer -in most csaea~ ig expreaaed as the percentage of the totsl load esch faatener row transmita
(rcference 4); thersfore the percentage of load transfer i given by:

axial iosd aite "a' - axiel iosd aite '¢'
axisl load aite '&'

% 100 %

3.3 load application

The procedure ia identicsl to the one uaed in the determinstion of aecondsry bending; therefore mee
section 2,3 of thia memorandum,

4. CONCLUSLONS

Proceduresa Ifor the determination of secondsry bending and load trsnsfer, based upon the ussge of
atrain gauges heve been deacribed,
The strein gauge measurements are csrried out at a number of ateps under ststic loading.
From the mesaurement the secondary bending ratio snd the percentage of load transfer can be derived.
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TABLE 4-1
Values of load transfer and secondary bending ratio

Specimen type

Specimen number
Max. load (MPa)
Min. load (MPa)

% of the Secondary X load
naximum load bending transferred
in FALSYAFF ratio

0
16.7
3.3
50
66.7
83.3

100
83.3
66.7
50
33.3
16.7

0

minimem load

TANGENT TO THE SHAFT
OF THE FANTENERS

SHALLOW AECERE
SECTION A - A TWIOTH £ § rmi
Fig. 4-1 Posicion of strain gauges in secondary bending

medsurcments in joints with several fasteners in o row
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TANGENT TD THE BHAFT
QF THE FABTENER

i T

S

SECTION A — A du SHAFT C'AMETFR

Fig. 4-2 Position of strain gauges in secondary bending
messurements with one [astener in a row

STRAIN GAUGE
K |«
-

Fig. 4-3 Definition of secondary bending

$oal

SFECIMEN MATERIAL
31364 3

FASTENER

ROCERLT STELL
23

Fig, 2-% Simgle ahear lap joint used for seasurcacur of pecondary bending (Ref, 4, 1)
= Not the FEFS pruceduse




ZERD POINT FOR
STABILIZED
MEASUREMENT

Fig. 4-5 Relationship between measured elongation and external load; single shear lap jeint (fig. 4.4)
(Ref. 4.3}
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o STRAIN GALUGE DN DNE 310£ QF THE SHEET DMLY
» STRAIN GAUGES DN BOTH BI0ES OF Tk SHEET
= STRAIN GAUGE ON EDGE OF THE SHEET

PERCENTAGE OF COAD TRANSFER BY FALTENER
ROW L 15 GIVEN 8Y

AXIAL LOAD BITE ‘A" ~ AXIAL LOAD BITE ¢
AXIAL LOADEITE '

-k

Fig. -6 Decermination of the percentage of load transfer
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s ANNEX 5

RESULTS OF THE MEASUREMENTS OF SECONDARY SENDING AND LOAD TRANSFER

Thia aaction prasanta tha fuii dataile of tha messursments of sacondary banding and ioad transfar.
Tabia 5-! to to 3«18 prasants tha valugs of aacondary banding snd losd trenafer as reportad hy the partici-
panta,

Figura 3=l to 5-} prasant graphically tha sacondary banding and load trenafar ss function of ths appiiad
ioad, Tebla 1Y of ths mein assction of thia raport susmarizes tha veiuas of aacondary banding and load
tranafar.

TABLE 3-1
Valuea of icad trenafar and sacondary
banding ratio - Franca

Spacimen tyse REVERSE DOUSLE DOGBONE
Specimen nunber | 7«1 2024 "Caxma D" = HI-LOK
REAM; INTERFERENCE 80 ,w
Aledins 1200, primer + PAlG22
Max, load (MPa} 250
Min. load (MPa) | -54
T of tha Sacondary T load
naximum load banding tranafarrad
in FALSTAFF ratis
1.1 £K2
4] 409 L 249 -
16.7 359 231 8.7
21 .33 .21 H
50 314 419} 6.4
66,7 295 AN 5.8
83.3 213 .1%9 3
100 256 150 4.9
1.} 217 el 4.3
66,7 +298 74 4
b1 32 192 4
11 L2 215 A.l M, -4
16.7 .66 240 5.9 LT = " 100
[+] 391 .25 -
winimuw load 30 .23 -0, 4
[+ .A71 L2453 - M +H
M owd 2
H
M = axisl atrain {mean)
i top sheat
4 £
¥, s weom
& . Jl-LJ ! 'J P J
. F L T 1 I —
E i ge | | L ——:
3 { [ ] 1 W !
: FASTENER

-
=
]
"
+
-8
+
[ ]

-
~—

%4 M4

T

thls
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TABLE 5-2
Valuea of load

banding ratqg - France

TABLE %-)
transfer and pyeco,
fatle - Frapee

Valuau u; lead

ndary
bending

Spocimen Lype
Specinue Busber
Man. loag {MPa)
Mle, luad (MPa)
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TABLE 3-4

Valuse 0f loed tranefer end eecondery

banding vetic - Frence

TABLE 5-3

Veluea of lond trenafer end secondery

banding ratic - France

o
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D i

Specivan typa

TYPE C - FRANCE, HI-LOK.
CLEARANCE 10-30 um, FRFS-A

Specimen typa

T, RI-LOK, COLD WORK,
INTERFERENCE 15-3% um, FRFS-B

Max. load (MPa) | 200 M¥ax. load (MPe) | 200
Kin. loed {(WPa) | -33.1 Min. load (MPe) | -53.]

X of the Secondary % load 1 of the Sacondery % loed
maximun loed bending tranaferred maximum lomd banding trenefarred
in FALSTAFF ratio in FALSTAFF ratio

0 - - 1] - -
16.7 1.37 48.2 16,7 1.62 43.2
33.3 1.45 55.4 333 1.68 42.4
50 1.42 55.4 50 1.64 41,2
66.7 1.33 5.8 66.1 1.57 41.5
83.3 1.29 56.3 83.3 1.49 41.8
100 1.23 53.9 100 1.42 43.1
83.3 1.23 56.9 31.3 1.45% 45,5
66,1 1.26 59.5 66.7 1.49 41.7
50 1.30 62.9 50 1.53 41.3
1.3 1.32 68.3 1.2 1.57 3%.1
16.7 1.28 B4.5 16.7 1.58 38
[ - - 0 - -
minimum loed =-6.3% 38,1 nlnimun loed -2.9% 4.8
o - - o - -
NOTE: without sealant
/" j' [ msune see Tames ]
A 1 1 |
+ ;-1 + 1
A | i . —_—
T T T 1

i gt

g
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TABLE 5-6

Valuaa of losd cransfer snd sscondary

banding racio - UK

TABLE 5-7

Valusa of load cranafar and sscondacy

banding ratie — UK

Spacimen typa

Spacimen numbar
Max, load (MPsa)
Hin. load (MPs)

Q-TYr'E, COLD-WORKED,

R1-LOK
3
380 MET

-85.6 NET

Spacimen typa Q=-TYPE., NON COLD-WORKFD,
H1-LOK

Spacimen numbar 10

Max. losd (MPa) 350 NET

Min. load (MPa) =107 NET

tast rum, AFTER 20.000 CYCLES

eyele ar. SETWEEK @ AND 30 kN

% of the Sacondary X load

vaximum load bending transfarrad

in FALSTAFF ratio
] 0 0
16.7 L2465 4.0
1.3 .29% 38.5
50 L350 42.%
66,7 L3195 45.5
83.) +430 41.5

100 . 440 49.0

83.) 400 50.0
66.7 .3% 48.0
0 . oo 52.5
13 . 260 %4.0
16.7 g 55.0
0 0 0

oinimum load .360 40.0
0 0 4

tast run, AFTER 20.000 CYCLES
cycle nr, BETWEEX O AND 30 kN
L of the Sacondary I load

marimun load bending tranafarred

in FALSTAFF ratic
+] 0 1}
16.7 +J44 33.5
33.3 JA42 33.2
50 S0 3%.6
66,7 547 40.9
83.3 59 42.1
100 .528 4.3
83.3 512 43.4
66.7 493 43.3
50 LA 41.8
33.3 AT 44.3
16,7 AR 44.5
0 0 0

einimun load an 7.0
0 0 0

(=T RN BIsT o

-

£ a= guis-

FIGURE SEE TABLE S

!
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TABLE 5-8

Values of load trsnsfer and secondary

bending rstio - USA

Specimen type (2 SINGLE SHEAR
Specimen number Bl/B2
Msx, load (MPa) 196.85
Min. load (MPa) 0
test runfeycle nr.l 4
X of the Secondary % load secondary beading ratio
maximum load bending transferred | . for strain gauges:
in FALSTAFF ratio 182 3&4 5&6
0
16.7 1,32 1.37 1.34 1.24
33.3 1.30 1,37 1.31 1.2
50 1.18 1.23 1.20 1,12
66.7 1.09 1.12 1.18 1.04
83.3 1.07 not 1.08 1.09 1.04
100 1.05 eatahliahed 1,05 1.06 1.03
83.3 1.04 1.09 1.03 1.00
66,7 1.02 1.03 1.04 t.00
50 1.11 1.12 1.12 1.08
1.2 1.24 1.27 1.2% 1.21
16,7 1.43 [.45 1.44 1.4G
0
nimun load - gee flgure below
0 ~see note- ]
L3
everage of 6 gaugea
\ —
s ety et y NOTE:
i {(Thr e 1 TN STRAIN GAUGE
y INSTRUMKSTATION

NGT ACCORDING TO

FAES PROCEOURES

DIMENSIONE N mm

3
>

M S e et i st et

e JF




A

-

64

TABLE 5-9

Values of load tranafer and secoundary
bending ratio - The Netherlanda

avallable

Specimen type 1’5 DOGBONE - FRFS-A
Specimen number 3Al
Max. load {MPa} 60.5 kN
Min. load {MPa} =16.2 ki
cycle nr. 5 and 100
X of the Secondary T load
maximum load berding transferred
in FALSTAFF ratio
cycle 5 Jeycle 100 cycle 5 | cycle 108 |cycle 1000
0 0 1] Q
16.7 0l8 041 25.2 25.9
33.3 068 ,018 23.7 24.7
50 D09 027 23.8 2.8
66,7 -.048 -.003 24.6 24.6
£83.3 -.094 -.055 25,5 25,1
100 -.126 -,095 25.8 25.7
B3.3 -.082 =058 25.3 25.5
66.7 =04} -, 028 24.7 24.3
50 +.01% +.001 24,1 23.1
33.3 067 +.026 23.5 22.4
16.7 .063 +.026 22,6 20.9
Q
minimum load - 075 +.054 13.6 12.7
Q
TABLE 5-10
Values of load transfer and secondary
bendlng vatle - The Netherlands
Speclmen type 15 DOCBRONE - FRFS-A
Specimen nuamber sl
¥ax, load (MPa) 60.4 kN
¥in., load (MFa) =16.2 k8
cycle nr, 5
Ie the Secondary T load
saniron load bunding tranaferred
in [ALSTAFF ratlo
cyele 5 cyrle § | cyele 000
[i} 5] ) 0
16.2 -.0be 20.1 2.0
133 LUy 21.% 1
50 BTt 2.1 il
66,17 L18F 26,12 2
83.3 L0 25.% L3 Y]
o0 Ny 25,1 3.8
B3.) Y 4.8 23,3
66.7 NI 11,8 22,9
50 N 1.2 2.1
1.3 LUb0 l9.7 3.6
16.7 -0 15.4 24.9
¢ - - -
nlnlmum Joad -, 055 1.6 19.%
No data at
eyele 1000

o

2




TABLE 5-11

Values of load transfer and secondary
bending ratio - France

Specimen type

Cl, HI-LOK, CLEAR, 10-30 ym

FRFS=A
Max. load (HPa) 250
Min. load (MPa) =66.7
X of the Secondary * load
maximym load beading transferred
in FALSTAFF ratio
LTl LT2
o - -
16.7 43.9 68.2
33.3 [T ] 68.4
50 45.5 67.5
66.7 46,1 67.1
83.3 46,5 67
100 46.7 66.%
83.3 47,1 68.8
66.7 47.1 69.6
50 46.6 70.7
33.3 45,6 2.4
16.7 62.4 76.6
0 - -
ninigum load 46,2 62.8
0 - -

NOTE: without sealant 147 -

L'L,I
ERRTHY

[ A

211[}0

LT =

A ¢, [N
NS P S \
Tt T T \
Y  e— 1 1 y
i | | o
| HEWA
: - 4+ ==
I : L] L]
| it ot ©)
F L —
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TABLE 5-12
Values of load tranafer and secondary
bending ratio - France

Specimen type

Cl, COLD WORK, INT, 15-35 Hm

FRFc-B
Max. load (MPFa) 250
Min. load (MPa) -66,7
T of the Secondary T load
maximum load bending cransferred
in FALSTAFF ratio
LTl LT2
0 - -
16.7 43 2.1
313 1.9 57.5
56 al.7? 59.5
66.7 42,8 61,3
43.3 4.7 62
100 44,4 62.7
83.3 444 63,5
66,7 44,4 63.7
50 44,2 63
13.) 43.6 62.9
1.7 8.2 S8.7
0 - -
alfimum load 4.0 l 58.2
0 - -

NUTE: without sealant

Lnﬂuli&!fultu—n j




Values of load transfer and aecondary

TABLE 5-13

bending ratio - France

Specimen type o
FRFS-A"
Hax. loed (MPa) 250
Min. load (MPe) =66.7
% of the Secondery X loed
paximum loed bendiag traneferred
in FALSTAFF retio
LTl LT2 LT3
[} - - -
16.7 3.8 | 47.3 | 4.9
33.3 28.5 [ 51.7 | 69.7
50 3k5 | 5.8 | 732
66.7 2.4 | 54,5 | 74,2
83.3 33.5 | 54.8 | 74.4
100 33.3 | 55.2 | 74.5
83.1 32.9 | 551 | 1527
66.7 2.0 | %4.8 | 76,2
50 Ih.6 | 34.7 | 76,1
33.3 29.4 | 54.0 | 76.7
16,7 22.9 | 53.4 | 79.3
[} - - -
minioum foad 5.0 | 62.6 | 88.7 L= ti
Q - - - LT, - x 100
HOTE: without sealant
A ¢ [ € £y
\ * / r | I.’ 1 Ilr 1 I[' ) 5
\ 7 T 7 v I T T | p
L1 1 1 k3 14
I i 1 [ !
| viEw A ;
r T al
| : + =™ 4 @ 4 w4 |
| I - - - |
]
+ w» + = 4+ =
1
| - L - - - \ :
| : 4+ ® + = 4+ = FASTERER
| : - - - | @
| ! * = + & + & + [ mu(m-onlmmi
{ [EX. 1
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TABLE 5-14

velues of load transfer and aecondary
bending ratfc - France

Spacimen type
Specimen rumbar

D FRES-B', COLD WORK
HI-LOK, Int. 15-35 um

Max. load (MPa) 250
Min. load {MPa} -67

1 of the Secondary % load
maximum load bhending transferred
in FALSTAFF ratio

LTl LT2 LT}

0
16,7
33.)
50
65.7
83.3
100
831.1
6.7
50
131.}
16.7

0

ninimum Load
0

46.3 | 57.6 | 67.2
44,1 ] 57.1 | 69.8
42,9 | 57.1 | 71.0
41.8 | 56.6 | 71.3
41,7 | 56.4 | 7.2
41,7 | 56.5 | 73.0
41,11 56.1 | 73.2
40.8 | 35.7 | 737
40.4 | 55.2 | 72.&
4.8 | 55.5 | 72.6
19,2 | s4.4 | 72.4

NOTE: without mealant

ﬁrmuns SEE TABLE s-u__l
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TABLE 5-15

Values of load tranafer and secondary
bending ratio - The Netherlands

Specimen type
Specimen number
Max, load (MPs}

1% DOCBONE DOUBLE SHEAR

4A11 FRFS=A

230 MPa, 60.5 kN

Min. lead (MPs) =-16.2 kN
cycle ar, 1000
X of the Secondary X load
maximum load bending tranaferred
in FALSTAFF ratio
0 -
16.7 41.9
31.3 35.7
50 35.7
66,7 15,2
83.3 3%.7
100 k)
81.3 12.8
66.7 1.3
50 29.3
33.3 25.6
16.7 15.2
0 -
minimum load -
0 -
T - 1
I i
—_ | = T -
TABLE 5=18

Values of load transfer and secondary
bending ratio - The Netherlands

Specimen type

Specimen number
Hax. load (MPa)
Min. load (MPa)

T BUGECNE DOUBL
4811 FRFS-3

250 MPa, 80,5 kR
-16.2 kN

E SHEAR

cyele nr. 1000
L of the Secondary % load
max laum load bending transferred
in FALSTA¥Y ratio
0 -
le.7 4l.5
3.3 1.3
50 b5.9
86.7 43,6
83.3 2.0
F00 40.3
B1.3 40,1
66.7 39.8
50 40.4
31.) 41.2
16.7 42.2
0 -
ainimum load 48.1
0 -

[7 FIGURE EEE TABLE 515 _]
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TABLE 5-17
Veluee of loed trenefer end ascondery
bending retio - USA

Specloen type [DOURLE SHEAR EQUIVALENT
Specimen numbet ol-1
Max. load (MPe) 196.85
Min, load {MPs) 0
Test run, cycla nr.|}
T of the Secondaty X loed atrain et
maxious load bending traneterrad geuge nr.
in FALSTAFF retlo 748
1 -[3 T s]x 100 X b) 3 7 ]
0 - - - - -
16.7 1-17 = 23 191 192 | 146 | 148
33.3 1-67 = 33 405| 404 | 267 | 279
50 [=59 = 41 628 628 | 365 | 18]
66.7 1-55 « &3 B53( 855 | 468 | 4T)
8.3 1-52 = 43 1077|1083 | 564 | 562
100 1-30 = 50 13021312 ; 648 | 652
83.3 1=51 = 49 1070 (1085 | 550 | 552
6b.7 1-33 = 47 853 | 860 | 457 | 4%)
A0 1-57 = 43 630 632 [ 357 | 30}
333 1-62 = 38 407 | 408 | 248 | 255
16.7 1-68 = 32 196] 196 1133 [ 132
0 - - - - -
ainimnum load ~eee nole-
Y "_r-f' .. .\”‘..v J 1 \ NOTE:
! T ¥+ T a— \ STRAtN GAUGE
— — + INSTHUMENTATION
\ HE [ | ~y v NOT ACCORDING T
T bl FRFS PROCEDURES
I—— N
101
| 1 l
34 [ |
| T |




Fig. 5-1

Eig. 5-24

300

APPLIED STRELS (MPa)

Secondary bending and load transfer of reverse double dogbone specimen - France

1] 100 00 v
APPLIED STAESS (i

Secendary bending and load tramifer of rype € tap Joint = Framce

100 0
APPLIED STRESS (P}

300
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—— | O JINT FAFS--A
' ———— =#— FAFS-B
|
!
: -100 0 100 200 300 -100 ] 10 200
APPLIED STRESS (MPa) APPLIED STRESS {MPa)
Fig. 5-2b Secondary bending and ioad transfer of the Q joint - UK
TYPE 2
[ ————— | LAF JOINT FAFS—5
i3
T T I T T T
SECONDARY
BENDING |
s
120+
8o NOTE  NO SENDING AESTAAINTS
USED DURING MEASUREMENTS
40 1 1 1 1 1 L L
L] 100 00 300 400
APPLIED STRESS (MPa}
Fig. S-2¢ Secondary bending of rhe [ype €2 las joine - USA
e | 1172 DOGEONS | gy a
o=t
T T T T 1 L 1 ¥ T ¥ T
mt ®: ot ®-
SECONDARY LOAD
BENDING [ T N TRANSFER [ T -
58 LT
o + 4 () r + 4
CrYeLE
- E - - CYCLE R - + =¥— .
cveLt v CrELs b
0 ._____?':—""é‘ﬁm‘:— @ st g et
- ] 4 T <+ 4
[l I 4 | 1 L' L L I 1 1
- 100 [} 100 00 a0 =100 -] oo 200 00

APPLIED STRESS (Pol

APPLIED STRESS naPu)

Fig. 3-24 Sccondary beading knd Youd tranufer of 1§ doghone joint = rhe Notherlands

-t




e

= o

T

Fig. 5=3a
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ANNEX & ,

TABULAR PRESENTATEON OF THE FATIGUE LIFE DATA

The complete set of fatigue lifa daca for the FRES programme 18 given ir table 6-1 te 6-21; the
framad tumbara ara the log mean lifa figurea.

TABLE 6-~1
Open hole specimen results - Sweden

OPEN HOLE SPECIMEN SWEDEN
LOAD LEVEL (MPa), Flights to faflure and log mean
HATERIAL HOLE
FALSTAFF
150 180 234
- o
2024-T3 B 6 REAM 81281 6372
t=5m 92355 5631
25000 6631
251000
124539 619,
70L0-T73651( 9 & REAM 92130 11552 3359
t =120 om 18845 3572
13 134558 5172
99249 4626
D Speciman width la the short transverse directlon; apecimen thickncas = 5 om /{




TABLE 6-2
Yo load transfer jeints - France

N0 LOAD TRANSTER JOINTS FRANCE
B
HATERIAL FASTENER SYSTEM LOAD LEVEL (MPa), FLIGHTS TO FAILURK AND
ALLOY FATING HOLE FASTERSR it FALSTAFF
SURTACE |  QUALITY {um)
.00 22 80 250 100 3L | 39205
2024-T35] ANOD1ZE 82913 915 1052 1N log
RINER a1 8150 2000 173 L.
SEALANT 10980 n o | ’;“,’-:“
IR | ife
2214-1831 FaAsT. 60012 23232 a1
Ry 113840 win FEIES
LNST. 69837 Zi08) m
1475.1138) RRCACH | Locxmsai? | iNTERFER- | 433e4 112 mn
ENCE 34180 14728 4z
16-32 60234 12780 5N
LR =)
703017851 LLTY: 10113
188287 1910
[TES 2t
(53563 (=35
2024-1351 ane sLaBs 13T 25
13428 821 12
86532 Ash
un
(3] TE] ]
TABLE -3
Noo load transter joints = Swedon
HU LDAD TRANSFEN JOINTS l SWEDEN
—T—-—
MATERDAL FASTERER SYSTEM FALSTAFF (dfa)
AbLoy FAYING Hot FASTENEK FIT 200 MPa 280 Mpa !
SUNFPACE QUAL I TY Y :
I034-T) | EPUXY REAM HiM-11-08-31 INT. P> 120000 3 i
PHiMER ¥ 5,990 AVE. =1 150%) HAH .
3 3
SEALANT 112812 4572 ]
1610~ rrl&dIE INT.-28 ] a4y12 1031
THiusl TO 27191% B
1} CLEAR 15110 10122
«10 l

T

Spetimen widih In the short trasaverse dirscefon.
L1 met s} pm

Foditih o
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TABLE -4

Ho load transfer joints - Franca

LOW LOAD THANSTEN JOINTS anca
_—rp—— NEVENSE DOUBLS DOGRONE
PTG ST T v (e AT FATLURK W0 [Tt RYRR]
ALoY [ mavine roun | rastever rT FALSTAF? LILIES 21 0 CAL. 8= 0,1
SURFACE | quaLLTY (um} 55 L2 B % T8y _[ S L 4
1024-T34) AMODEZ] NG LLUTTS | 10CKn0sT > o874 17231 212
PRIHED LRI ST ITY w1 Log moan Life
SEALINT 11313 W
~[I5E | @ | oY
1030-11431 x| a0 (%51}
> 110000 | 23308 “i?
a0 | aovos 1432
[ § FF)
W-TIN | ALODINE | Rk | Mi-rom INTERFRARACY (I T e 13330
[L L] A0 alyyis [UTTYR] Thka 3D 139380
SEALANT 23384 FLBFIY 118 FHE L]
139004 LT
Gz (33
LLITSEL ]
Nes Lz
e K
Lins1e
]
1030-%163) Liasra Adal} 184340 [ R 1TY)
1117y Mive 17740 e
. LLIBT] [BLIF)
I (g

TABLY &-%

Low load transfer joinrs - Germany

Lov LUAD TRawsHEE JUlxTy FID. ¥RF. GERUNY
—
s s s} t buesout
— —— -
mATEaNAL 1. thkk STaTEM Pagstary ArF Fazsrapr FALYTANF
- — - —_—
ALLOY | FarnaL gy raztian: ny RIS o | leaw | faers | oeas | eoienes e | loan [Ricurs ro
SURFaE | QeALlEY - Yalilke LEvyy Fal{ vkl LEvE: Faldvse L1kl Farlehr
20511 | ambir- | pgan Wl Lo (L ST} TTIN #x3) tan (32471 201 JETT] i
(L4 1t ey (23] 1aefe 3y EEEE) ELE
FuLEREY Liave 253 srg s
Skl At 1310 f21] s
i THIERFEREN T (£ -3 $teeo F133 [EET}
binliy m ng Wi 13 [EE)
F21] 1582 s B EH
sia LRI
I p— e - = - = Py
Haio-1s B ,‘] E29 rriree ¢ LT
I LT
o e
] ENTERNETEM ¥
BEfLr 0
- —
L hessamE 12 M
™
— ——— e
Apam ISsme? | i cefromme laza kL)
Ry " [ a0
(3113 L]
o)
bajyl TR Raim () ajls
n 1m0 Mg
e ER LY
a0 ads
i lsma® |oitoararmi en L] (LT a
wh } 1y (L H ns (L 11 an
| [BLEF] 349 [T (¥
i Fuldza Tartmeom] tertaaw §obetesrcacmcs Lasie I 231 (113
Stapamt | Neumiy 1) (B e niz LS
18 too b b ] +13
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LE 6-6

Lov load transfer joints - Italy

LOW LOAD TRANSFER JOINTS

ITALY

=——3——_  REVERSE DOUBLE DOGBONE
MATERIAL FASTENER SYSTEM LOAD LEVEL (MPa), FLIGHTS
TO FAILURE AKO |LOG MEAN
ALLOY FAYING HOLE FASTENER FIT
SURFACE  |QUALITY um FALSTAFF
280 351.6
2024-T3 ANODIZING| REAM RL-LOK INTERFER- 29125
PRIMER T4 ENCE 13=43 31373
SEALANT CSK 26232 iog mean
95 34929 life
23628
[28?9)|
HI-LOK 22061 173
Ti 17032 832
CSK 19820 B32
[ ) 20032 632
TYPE 16632 768
LN29797
HDOBI
H1-LOK 10026 3
TENSION 18232 313
Ti 12625 432
CSK L3080 113
96 27276 1713
15245 Lih
H1=10K 14302
Ti 21437
PROT- 18424
RUDLKG 22432
' 25160
217%3)
Hl-LuK ILNFERFER= 26613
Ti ENCE 14-31 21432
CSK 25113
gn 13232
20573
CoLd aoLt CLEARANCE 3429 237
WURK Ti 10-40 4142 432
REAM (519 3574 113
'R 316 373
&32
3817
REAM Hl=LOK INTERFER- 21
Ti ENCE 13-4) 16425
1 3 ET.19
g s 14713
TYPE | THE
HETMI |
|H!lHD|
CoLD BOLT 39108 B32
WURK 11 30013 632
REAM €8x 28491 bt
[ JX S 3832 632
44872 832
Ibbﬂ

P

e

——

g
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TABLE 6-7
Low load transfer joints - The Netherlands

LOW LOAD RANSFER JOINTS THE NETHERLANDS
T——XI==—=  REVEKSE DOUBLE DOGRONE
MATERTAL FASTENER SYSTEM LOAD LEVEL (MPa), FLIGHTS TG FAILURE AKD
ALLOY | FAYING HOLE FASTENER FIT FALSTAFF NINITWIST 1ii
SURFACE | QUALLTY um 780 1.6 70 I Too
7030-T76] PRINER | DM DRILL | WI-LOK CLEARANCE Talll 8375 66323 37106
SEALANT PROTRUBLNG| 25~ 23171 9159 > 148000 48412
INT. 76 24560 Tog me > 175000 77378
FAST. 11 261655 | > 98632
NET
INST. | EERF| >[145604) |>[58€aT
WITH
SEALANT
STANDARD CLEARANCE 6372 27159 22790 73656
DRILL 63-255 7124 2231 26581 16095
8929 26858 11378
7401 7179 23369
2026-T3 | ANO- DM DRILL | 41-LOK INTERFER= 253848 120501 56106
DIZING ENCE 359856 124708 75260
PRIMER sk 20-40 > 400000 147856
SEALANT
FAST.WET 331758 [IATT)
INSTAL,
WITH
SEALANT
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TABLE &-~8
Low load transfer joints = United Kingdom

LOW LOAD TRANSFER JOINTS

=———i——— REVERSE DOUBLE BOGBONE UK-DESIGH

UNITED KINGDOM

MATERIAL FASTENER SYSTEM LOAD LEVEL (MPa), FLIGHTS TO FATLURE AND [LOG WEAN
ALLOY | PAYING WOLE  [FASTENER | FIT FALSTAFF
SURFACE | QUALITY um
164 (= 280 NET) 206 (= 350 NET)
7050-T7651 | ALOCHROMED | REAM  JHI-LOX  |cLEARANCE 25231 6431
PRIMER 13-51 12372 5711
SEALANT 21359 4929
19292 _Iog mean
Tegos]  life 371s
TAPER  |TAPERLOK | INT. 54231 22972
REAM 44-106 17772 0796
50631 14224
24831 27172
27863 24811
37254
KEA¥  [MI-TIGUE | INT. 55351 17080
76-127 54772 17729
53172 22959
42172 21572
74772 21972
7038
REAM  |HUCKCRIMP|CLEARANCE 12929 5280
13-48 10724 5698
13172 6128
11011 5024
18959 5024
I
DRILL  |HUCK EXL | 1w, 27531 14224
W-lbd 80280 20631
HuUCK 120272 26490
HANDRELL 39759 9111
coLy 36431 24205
WORK EFTER 73635
SFLIT  [HI-LOK  |TRANSITION: 72372 14725
SLEEVE 13 CLEAR. 82172 20711
¢OLD T 39 INT. 40529 18031
WORK 43372 23359
60572 16559
REAX T7385 |
acREs  |H1-LOK  |TRANSITION: 54625 19372
SLERVE 13 CLEAR, 1112 17031
coLD 10 13 INT. w0511 121
WORK 38231 22989
45214 19872
[20828)
REVERSE DOCRLE DOGBONE
hmm pESICN .—I
REAX  {HI1-LoK  |CLEARANCE 26337 8221
13-81 19972 7001
PICENS 6011
24129 4480
M1 4129
SPLIT  |WI-Lok  [TRANSITION: 136464 19172
SLEEVE 13 CLEAR, 173512 11840
COLD 16 19 INT. 40159 3201
oK 178745 22129
REAM o)l 294824
13885y 18405

[ S

e s

Eaa g
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TABLE 6-%
Low load transfer joints -~ USA
LOW LOAD TRANSFER JOINTS UsA
—}——=REVERSE DOUBLE DOGBOKE
HATERIAL LOAD LEVEL (MPa),
HOLE | FASTENER FLIGHTS 10 FALLURE
ALty | FAYING | QUALLTY FALSTAFF
SURFACE 261.9
2024.T3 STANDARD | RIVET 2024 HAND 4372
CLAD DRILL, | BUCKED 5772
te 3.2 DEBURR ({ICE BOX) 2572 log wean
11f
*
RIVET 2024 MACHINE 1372
SQUEEZED 3372
(ICE AOX)
RIVET 7050 HAND 2024
BUCKED 1480
RIVET 7050 MACHINE 211
SQUEEZER 2430
TABLE 61D
Type D dcable shear jeint - France
DOUBLE SHEAR JOINTS FRANCE
— e
FH TYPE D JOINT
MATERIAL FASTENER $YSTEM LOAD LEVEL {(MPa}, FLIGHTS TO FAILURE AND
ALLOY | FAYING HOLE | FASTENER |  FIT FALSTAFF CAL R=,1 MINI-TWIST
SURFACE | QUALITY m
200 250 300 180 109 130
2024~T351( ALODINE | REAN HI-LO% | INTERFFREKCE | 119726 64797 [ 13373 | 126750 (117653 25656
PRIMER 80 213130 73973 | 23760 | 285020 | 9BBSG 9656
>174000 log | 40573 | 39173 | 187560 | 73656 21656
272195 mean T65210 | 87513 1BBSH
»[rom1a7) 1H1* |[57940] | [23200) | jZosear] |[3m0m) [17850)
7075~ ALODINE | HFAM HI-LOK 138373 T9740 | 41226 [ 184070 (136412 50882
T1351 PRIMER 94832 47295 | 30422 | 225670 | 98786 41656
59573 | 21632 | 395080 ] 65099 45656
185550 108095 62682
189710
{L14550] te37eo] | [soose] | [T25000] |[9€FaE] [s9eco)
7050 EPOXY BRUACH CLEARARCE 9119 3730
17651 FaINT 10-30 3373 4912
(knrs-at) 10973 133
[T [i934)
COL0 INYEKFEKENCE | 9780 16812
WORK 15-3% 85037 18113
RROACH 50025 28330
)2
0717
AopIne | kkam HE-LOK [ INTERFEMERCE 43973 87391
PRINEK 40 18837 134938
51573 52965
28412
{3550 86200
—
L n Ssaak (122 | 1esso0 | eres2 2450y
113373 I6FYT [408K2 | 139340 | beHST  ALBSI
S047) 20632 | 120720 | 83B&L  Phide
Jelale T M N0
163810
17116 Lo3t0 [2eoco] [[F3so0] [osse)
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TABLE 6~11
Medium load transfer double shear joint - The Netherlands

DOUBLE SHEAR JOENTS

—Z=F— TYPE Ml & MI-MEDIUM LOAD TRANSFER

TE. ETHERLANDS

High load transfer double shear joint =

The Netherlands

MATERTAL FASTENER SYSTEM LOAD LEVEL (MPa), FLIGHTS TO FAILURE AND
ALLOY | FAYING | HOLE | FasTENER FIT MINI-TWIST PALSTAFF
SURFACE { QUALITY yu
70 85 100 200 250
2024-T3 | ANCDIZE | OOUBLE |HI-LOK | INTERFERENGE 93898 | » 57120
ERIMER | MARGIN 2040 183526 | » 87716
SEALANT | DRILL log mean [>315666 112446
lie_...ismsao! >
REAM INTERFERENCE | >400000 | 164412 | » 57977
80-100 5250320 78073
>259395
>[«00000] f7z0198] | > [sesms
7050-176 | PRIMER | REAM | HI-LOK | CLEARANCE 11832
SEALANT 10-30 e
TEST e
SERIES
T
oLy | COMPLETED o FERENCE 216773 | >16044
WORK 15-35 e
TABLE 6-12

DOUBLE SHEAR JOINTS

=—EESHE— TYPE K1 HIGH LOAD TRANSFER

THE NETHERLANDS

MATERIAL FASTENER SYSTEM LOAD LEVEL (MPa), FLICHTS TO FAILURE AND
ALY | FAYING | HOLE | wasTENER FiT MIKI-TVIST 111 PALSTATR
surace | quaLitr i
70 83 100 200 30
2014-T3 | ANODIZE | DOUALE [WI-LOE | INTERFEREMCE | 307631 | 56921 1412
FRINER | MARGLK 20-40 98498 24411
SEALANT [ DRILL log mean 121656
e L{ioTes) | asoss
xRN INTERFERENCE | 156684 | 50u9) I
H0-100 157855 | 1031
STy
coLD CLEABANCE | 2400000 | 93197 12632
woRK 0-23 100456 48412
REAN 12157
Tos0-T76 | rntwes | weaw fwrenok | corawanee
SEALINY 10-30
coth INTERFERENCE LI 8432
MORE 13-33 STHEN 9423
KEan
[ 1

81

Wi vt Al ! i o |+

-k

_La./

C e d
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TABLE 6-13

High load transfer double shear joint - United Kingdom

DOUBLE SHEAR JOINTS

UNITED KINGDOM

TYPE H2 - HIGH LOAD TRANSFER

LOAD LEVEL (MPa), FLIGHTS TO

— FAILURE AND
MATERIAL FASTENER SYSTEX FALSTAFF
ALTOY | FATIRG | HOLE | FASTENER FIT 191 280 NET 256 375 NET |
SURFACE | QUALITY v
7010- | ALOCROME | REAM | HI~LOK CLEARANCE 37898 7572
T7651 | PRIMER 13-61 23172 4031
SEALANT 30839 2559
14929 3431
14821 log 2859
Teg75Lrean life 3060
TAPER | TAPERLOK |INTERFERENCE 172929 21421
REAM 46-106 91211 42929
191085 29206
134759 47772
141963 33635
REAM KL-TIGUE | INTERFERENCE 66624 34224
T6-127 32796 21749
52172 27031
123227 12972
41024 20924
REAM HUCKCRIMP | CLEARANCE s091l 18943
13-48 14825 14329
4574 17031
143431 20572
114529 19524
56714 17937
DRILL | HUCK EXL. |INTERFERENCE 171l 87511
18-144 155031 58880
IUCK 135172 55172
HANDEL 96998 59429
COLE 146572 52972
Hou
SPLLT | HI-LOK TRANSITION: 51172 31739
SLEEVE 13 CLEAR, TU 76759 34525
CcoLb 1% INT. » 224420 EEENF:
WORK 1o6146 21359
93041
REAN 10317
ACRES | HI-LOK [ TRANSITION 124759 13624
SLEEVE 13 CLEAR. TO 614929 9031
CoLD 13 INT. a¥3h 16972
LORK 12329
W62

| 62&'}&'




TABLE 6~ 14
iype C lap joint - France

SINGLE SHEAR JOINTS FRANCE
-
TYPE C LAP JOINT 123 .
MATEALAL FASTENER SYSTEH LOAD LEVEL, FLIGHTS TO FAILURE AND |LOG MEAN]
ALLOY FAYING HOLE FASTENER FIiT FALSTaFF r
SURFACE |QUALLTY ym A
112.5 150 200
2004=T3 ANODIZING|BROACH 1.OCKBOLT | INTERFERENCE 53634 10606 1531
BRIMER 16-22 63426 15432 1432
SEALANT 71596 log mean| 14832 1130
Erasol—tie | a0
22li- 41825 16232 3432
651 64944 19822 2925
56522 20973 4832
53550
7475 36206 8330 1681 A
11354 26712 12330 1573
41625 13185 1112
7050- EPOXY REAM HE-LOK 5032 2981 |
1765 PAINT 9632 1973
8360 1573 !
12144 2812 i
3050
coLe B2 31113
WORK 13730 4971
REAM 12173 1373
1944

bt

R RN TR

el
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TABLE 6~15

Q-type joint - United Kingdom

SINGLE SHEAR JOINTS

UNITED KINGDOM

—==—F——  Q-JOINT LOAD LEVEL {MPa),
FLIGHTS TO FAILURE
MATERIAL FASTENER SYSTEM
ALLOY |FAYING | HOLE | FASTENER FIT FALSTAFF
SURFACE | QUALITY it
£91 280 NET 1263 350 NET
7050~ |PRIMER | REAM HI-LOK |CLEARANCE 12128 3925
T76 | SFALANT 10-30 14431 2929
FRF 12160 3444
13831 Iog | 4336
14031 mean
1ife
13280 3639
COLD INTERFER- 9631 2801
WORK ENCE 12424 32
REAM 15-35 12329 3624
16224 5323
17631
; 13337 3905
1
TABLE 6-1b
1} Dogbone joint - USA
SINGLE SHEAR JOINTS USA
=== % DUCBUKE LOAD LEVEL (HPa)},

MATERTAL l FASTENER SYSTEM

FLIGHTS TU FAILURE AND

ALLOY |FAYENG HOLE | FASTENEK | FiT FALSTAFF
SURFACE | GRALITY ue
138
1075~ [AwoprzE [wraM  [nr-Low  |sLiewt le1r?
72 |PRIMER PRESS 22312
MARE  |TUPCUAT 25529
te3.2 1 19971 Log mean
)nut ofn Life
Faying 0961 - L1
Surface Ie¥am | SLEFVSOULT| INTEE- 5
FERENCE a1y
" 61E?
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TABLE 6-17

Type €2 lap joint - USA

SINGLE SHEAR JOINT USA
e————  TYPE CJ LA JOIN
MATERIAL FASTENER SYSTEM LOAD LEVEL, FLICHTS TO
ALLOY | THICK- |FAYING | HOLE FASTENER FAILURE_AND
NESS |SURFACE|QUALITY FALSTAFF
{inch) 200
2024-73 | .63 STANDARD | RIVET 2024-T3 (DD)-§3/16-
CLAD DRILL | SQUEEZE-MSZ0470
DEBURR { UNIVERSAL (PROTRUDING} HEAD
RIVET 7050-173 (E)-@31/16~ 4880
SQUEEZE-MSZ20470 5831
UNIVERSAL (PROTRUDING) HEAD 11159
090 RIVIT 2024-T3 (DD}-P1/6- 2775 ]
SQULEZE-MS204 70 5031
UNIVERSAL (PROTRUDING) HFAD 2359
RIVET J050-T73 (E)-BL/4- 4824
SQUEL?E-M520470 4011
UNIVERSAL (PROTRUDING) HEAD 3419]
100 RIVET 2024-T3 (DD)-BE)}M-: 1772
SQUEEZE-M520426 2031
COUNTERSUNK HEAD 999
1372
j430]
RIVET 7050-T73 (F)-P3/16- 1172
SQUEEZE-MS20426 1321
COUNTERSUNK READ 2129
1080
160 RIVET 2024-T3 (OD)=§1 /4~ 4511
SQUEEZE-K$20426 4396
COUNTERSUNK HEAD 4741 log
3711  peen
[ EXTH
RIVET 7050-T7) (¥)-91/4- 10830
SQUEFZE-N520476 14000
COUNTERSUNK HEAD 7996
10329
[N EN,
RIVET 2024-717 (vb)~F1/4- NN
SQUYYZE~MRFREDDY 1631
BRILES FLUSH HEAD 422}
714
1)ARYFs Syatem “A™
RIVET HOS0-TIY (F)-#174- [STENES) fautener
SQUEEZE-ENFREEY 4380 1; 2}HRFR Syetem "R*
BRILES FLUSH HEAD i 1) fantener
.
13060 ) LeaD LFVEL, FLIGKTE
—d ——— 10 FalLuxe axp
[ FALSTANF
[ o
1050~ § PRIMER (NFam TR CLEARANCE 089 1876
Tie SPALANT 14k12 1348)
21301 18000
WS 5980
1383} 42
COLD INTERFEANNCE siﬂ; 13634
kK num 19281
REan 40300 1113
18842 [T 1

[T HIE R LISy

R Nt S g e R

-,

B T A AL, ARy e
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1} Dogbone joint - The Netherlands

TABLE 6-18

SINGLE SHEAn JOINTS THE NETHERLANDS
== lk DOGHONK LOAD LEVEL (MPa), FLIGHTS TO FAILURE
4 e e e = AND [LOG_NEAN]
MATERIAL FASTENER SYSTEM
FALSTAFF
ALLOY FAYING HOLE FASTENER FIiT
SURFACE | QUALLTY pa 200 250
7050-176 | PRIMER | REAM HI-LOK CLEARANCE 18411 9559
SEALANT 19-30 60372 15419
56972 23373
63831 log mean 22231
[eEas).—tite 16655
CoLD INTERFERENCE 29572 13524
WORK 15-35 40431 14231
REAM 58231 17962
5759 19172
39722 16045
TABLE 6-19
Simgle shear X joint - Sweden
SINGLE SHEAR X JOINT SWEDEN
MATERI1AL FASTENER SYSTEM FALSTAFF
ALLOY HOLE FASTENER FiT 150 MPa 200 MPa
QUALLTY
2024-T) REAN HiM-11-06-03 IRT, 112081 10211
18359
AV.-T1 8111
s nele
1050-114 KEAM HL-19-8-7 CLEAR, 13¥60 53129
29 16912 5590
{ruFs-as) 13180 log mean LELH
3.
e ELTE]
1050-T & tolb Hi-19-8-7 CLEAR LIT12 16979
WUEE (4 H 3024 11472
REAN el =eln 113712

NOTE{ FRFS-A®: falllog * 10 .m outilde the specification of FFFS-A
FIFS-B%: ~10 um klear eke Instead of 23y & intcrference

]
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TABLE 6=20
Type C1 double shear joint - France

L

1} Doubie shear joint - The Netherlands

GOUBLE SHEAR EQUIVALENT JOINT FRANGE
w:m TYPE Cl LOAD LEVEL (MPa), FLICHTS TO
FAILURE AND
MATERIAL. PASTEWER SYSTEM .
FALSTAFF
ALLOY FAYING HOLE FASTENER FIT 150 200 230
SURPACE QUALITY
7050~ EPOXY KI-LOK GLEARANCE 108490 38373 B82S
17651 PAINT (FRFs-4 ) 10-30 23912 9173
22637 10973
FASTENERS log mean | 21797
WET life
INSTALLED 0e450]  |[z59s0] | [9sLY
INTERFLRENCE 78678
(FRFS=5 ) 15435 29160
27530
28430
- e = A e el il
TABLE &=2}

DOUBLE SHEAR JOLNTS

THE NETHERLANDS

e 1% DOUBLE SHEAR DOCRONE LOAD LEVEL (MPa), FLIGHTS TO FALLURE AND [LOGE MEANT
MATERIAL FASTEKER SYSTEM FALSTAFF
ALLUY FAYENG HOLE FASTENER FIT 00 150
SURFACE | QUALITY em
T050-17b | FRIMER REAM HI~-10K CLEANAKCE Iy 147172
SEALART 10=30 49712 16924
28b38 12372
FASTENER 12635 log wean 12
WET life
INSTALLED
coLh INTERFERENUE > 3475e SBIT2
WUkK 1%-13 > $9480 50811
LEaM (SIS [TYIN
91572

B e

ult

o

5, St et e s’

\‘

ks

il
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